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PREFACE. 


The  present  volume  consists  of  papers  read  before  the  En- 
i>ineerino-  Society  of. the  School  of  Practical  Science  durino-  the 
session  1900-1901. 

As  in  the  past,  the  papers  all  deal, with  some  of  the  nmnerous 
branches  of  engineering-.  Besides  being  interesting  reading,  all 
contain  valuable  information  and  will,  it  is  believed,  be  found 
useful  not  only  by  students,  but  also  by  gi-aduates  and  others 
engaged  in  active  professional  life.  The  papers  on  Chemical 
Wood  Pulp  and  The  Conservation  of  Water  for  Power  Purposes, 
mark  a  growing  interest  in  those  branches  of  engineering,  upon 
which  the  development  of  this  country  largely  depends. 

The  Society  is  to  be  congratulated  upon  having  secured 
papers  from  Mr.  H.  G.  Tyrrell,  Mr.  C.  H.  Mitchell,  and  Mr. 
A.  W.  Campbell,  each  a  recf  -;  iiized  authority  on  the  subject  of 
v\"hich  he  writes. 

The  thanks  of  the  Society  are  due  to  all  who  have,  by  their 
contributions,  or  in  any  other  way,  materially  aided  its  usefulness. 

The  present  edition  consists  of  1,500  copies. 

Toronto,  April  I7th,  1001. 
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Yercoe,  H.  L.  '98. 
Wagner,    W.    E.,    B.A.Sc, 

'99. 
Watson.  R.  B.,  '93. 
Watt,    G.    H.,    '99. 
Weekes,  M.  B.,   B.A.Sc, 

O.L.S.,  '97. 
Weir,   H.   M.,  '00. 
Weldon,  E.  A..  '97. 
White,  A.  v.,  '92. 
Whitson,  J.  F.,  O.L.S. 
Withrow,  J.  D.,  '00. 
Willson,  R.  D. 
Wickett,  T.,  '89. 
Wiggins,  T.  H.,  O.L.S.,'90. 
Wilkinson,  T.  A.,  '98. 
Williamson,  D.  A.. 

B.A.Sc,  '98. 
Withrow,  A.  J.,  '90. 
Withrow,  F.  D.,  '00. 
Woolverton,    C.    E. 
Wright.  R.  T.,  '94. 
Wright,   T.    D. 
Yeates,  E.  G.,  '99. 


Harcourt,  F.  T.,  '03. 
Hayes,  L.  J.,  '03. 
Henderson,  F.  D.,  '03. 
liendry,  M.  C,  '03. 
Henwood.  C,  '02. 
llortou,  J.  A.,  '03. 
Irving,  T.  C,  Jr..  '03. 
Jackson,  .7.  G.,  '03. 
Jackson,  J.  H.,  '03. 
James.  E.  A.,  '03. 
Johnston,  D.  M.,  '02. 
Johnston,  C.  K.,  '03. 
Johnston,  H.,   '03. 
Keagey,  J.  W.,  '03. 
Knight,  R.  H.,  '02. 
Ivernahan.  M.  G.,  '03. 
Lang,  A.  G.,  '02. 
Langnmir.  F.  L..  '02. 
Larkworthy,  W.  J..  '03. 
Latouruell,  A.  J.,  '03. 
I>egge.  A.  H.,  '03. 
McAuslan,   H.  J.,  '03. 
McBride,  A.  H.,  '02. 
McCuaig.  O.  B.,  '03. 
McFarlane.  J.  A..  '03. 
:McGuire,  R.  A.,  '03. 
Mclvay,  J.   J.,  '02. 
Mclvay.  .1.  T.,  "02. 
Mclvellar.  J.  O..  '03. 
McKitriok.  C.  W..  "03. 


Undergraduate   Members,— Co^anwed, 


McKinnou,   H.  D.,   '03. 
]MeNaughton,  A.  L.,  '03. 
Madden,  J.  F.  S.,  '02. 
Mathieson,  P.,  '02. 
Maher,  W.  R.,  '03. 
Marriott,   F.   G.,   '03. 
Marrs,   C.  H.,  '02. 
Meader,  J.   E.,  '03. 
Milden,  A.  J.,  '03. 
Miller,  M.  L.,  '03. 
Mills,  J.  E.,  '03. 
Milne,  AV.  G.,  '03. 
Montgomery,    R.    H.,    '03. 
Mans,  C.  A.    "OS. 
Moore,  F.  A.,  '02. 
Morley,  R.  W.,  '02. 
Morton,  P.  E.,  '03. 
Mullins.  E.  E.,  '03. 
Nash,  T.  S.,  '02. 
Nevitt,  I.  H.,  '03. 
Oliver,    E.    W..   '03. 
Oliver,  J.  P.,  '03. 


Pace,   J.   D.,  03. 
Pardoe,   W.    S.,   '03. 
Paris,  .1..  '03. 
Patten,  B.  B.,  '03. 
Philip,  H.  D.,  '03. 
Pkmkett,  T.  H.,  '03. 
Pinkney,  D.  H.,  '03. 
Porte,  W.  B.,  '03. 
Powell.  G.  G.,  '02. 
Ratz,  W.  F.,  '02. 
Robertson,  D.  F.,  '02. 
Robertson,  H.  U.,  '02. 
Rose,  H.  G.,  '03. 
Ross,   R.  B.,  '03. 
Roy,  J.  E.,  '02. 
Rutherford.   F.   X.,   '03. 
Shipe,   H.   M..   '03. 
Sinclair,  D.,  '02. 
Small,  H.  S.,  '03. 
Smith,   H.   G.,   '0.3. 
Smith.  .T.   H.,  '03. 
Steele,  D.   L.,  '03. 


Steele,  T.  J.,  '02. 
Stevens,  W.  A.,  '03. 
Sutherland,   W.  H.,  '02. 
Taylor,  T.,   '02. 
Teasdale,  C.  M..  '02. 
Thorne,  W.  F.,  '03. 
Townsend,  C.  J.,  '03. 
Trees,  S.  L.,  '03. 
Umbach,   J.   E.,    '03. 
Waldron,  J.,  '03. 
Wass,  S.  B.,  '03. 
Wanless,  A.  A.,  '02. 
Weddell,  R.  G.,  '03. 
Whelihan,  J.  A..  '02. 
White,  F.,  '03. 
Wilson,  J.  M.,  "03. 
Wilson,  X.  D.,  "03. 
AVilliams,  C.  <i..  '03. 
AVurthiugton,  W.  R.,  '03. 
Young,  C.  R.,  '03. 
Young,  W.  H..  '03. 
/ahn,  H.  T..  '02. 


OBITUARY    NOTICE. 


It  is  with  regret  that  we  have  here  to  chronicle  the 
death  of  one  of  our  undergraduate  memhers,  Mr.  G.  C. 
McColhmi,  a  student  in  tlie  Mechanical  and  Electrical  de- 
partment of  the  Third  Year,  Mr.  McCollum  Avas  the  v\d- 
cst  son  of  ex-Mayor  J.  R.  McCollum,  of  Welland,  Ont.,  and 
was  twenty-two  years  of  age.  lie  took  ill  on  Thursday. 
December  20,  1900,  and  after  two  weeks  of  pain  died  at 
Toronto  General  Hospital  on  January  -i.  Interment  took 
place  Avith  military  honors  at  "Wei land,  on  January  7. 

Mr.  ]\rcCollum  was  a  lieutenant  in  the  4-ith  Welland 
Regiment.  Among  his  fellows  always  poj)ular,  his  decease 
robbed  us  of  a  friend  and  fellow  student. 
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PRESIDENT'S  ADDRESS. 


Gentlemen: — 

It  affords  me  much  pleasure  to  welcome  you  to  the  opening 
meeting  of  our  Society. 

To  those  of  you  who  are  about  to  become  members,  I  extend 
a  hearty  welcome,  Avliile  to  the  older  members  who  have  elected 
nie  to  the  highest  position  in  their  power  I  extend  my  thanks. 

You  have  conferred  a  great  honor  upon  me  in  electing  me  to 
the  office  of  President,  and  I  sincerely  trust  that,  with  the  co- 
operation of  the  energetic  conniiittee  which  you  have  elected  to 
assist  me,  the  Engineering  Society  will  continue  to  prosper  as  in 
the  past. 

It  is  necessary  that  each  member  should  do  his  share  in  assist- 
ing the  committee  to  make  this  year  one  of  the  most  successful  in 
the  history  of  the  Society. 

The  objects  of  the  Society  are  already  set  forth  in  the  Con- 
stitution, copies  of  which  may  be  obtained  from  the  librarian. 

I  would  like  particularly  to  emphasize  the  great  value  to  be 
derived  from  reading  papers  at  the  meetings  of  our  Society.  The 
student  members  are  beginning  to  take  an  active  interest  in  this 
important  branch  of  the  School  Avork  and  those  who  have  read 
papers  in  the  past  will  all  state  that  they  are  exceedinglv  glad  they 
did  so. 
I 
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Since  we  recognize  no  year  distinctions,  and  all  papers  on 
engineering  subjects  are  acceptable  from  our  members,  I  trust  that 
you  will  carefully  consider  the  many  advantages  gained  and  con- 
tinue to  contribute  tov/ards  the  contents  of  our  pamphlet- 

Don't  let  the  thought  that  you  are  not  a  senior  student  keep 
you  from  contributing  a  paper,  for  it  is  at  our  meetings  that  we 
have  to  become  more  thoroughly  acquainted  with  each  other. 

As  President  of  the  Engineering  Society  I  have  to  procure  the 
papers  to  be  read  at  our  meetings  and  published  in  the  pamphlet 
and  I  can  assure  you  from  my  experience  this  summer  that  this  is 
no  easy  task. 

There  should  be  no  reason  why  it  should  be  difficult  to  secure 
papers  from  the  undergraduate  members  unless  it  be  that  they  are 
not  fully  aware  of  the  benefits  to  be  derived  therefrom. 

There  are  a  great  man.y  reasons  why  you  should  avail  your- 
selves of  the  opportunity  offered  to  contribute  papers  and  read 
them  at  the  meetings,  and  with  your  permission  I  will  mention  a 
few  of  these. 

The  Council  of  the  School,  when  granting  lutuors,  consider 
the  papers  read  before  the  Society,  so  that  not  onlv  those  who 
listen  but  also  the  writer  receives  much  benefit. 

One  other  great  advantage  of  reading  papers  at  our  meetings, 
Avhich  is  very  often  overlooked,  is  that  the  reader  gains  considerable 
confidence  in  speaking  in  public.  No  doubt  a  number  of  you  will 
be  called  upon,  at  some  time  in  the  practice  of  yoiu'  profession,  to 
state  your  views  and  support  them  before  a  meeting  of  directors  of 
some  company  or  n  Town  Council.  A  gTeat  deal  more  weight  is 
attached  to  a  person's  opinions  if  they  are  given  forcibly  and  with- 
out effort,  and  at  our  meetings  you  have  a  splendid  chance  to  be- 
come more  proficient  in  this  branch  of  your  profession. 

Another  advantage  gained  in  compiling  a  paper  is  the  knack 
of  aiTanging  your  material  in  proper  systematic  order,  which  is  so 
essential  in  the  work  of  the  engineer.  Tlie  notes  taken,  the  extra 
]•(  ading,  the  concentration  of  tlie  mind  on  the  subject,  and  the 
o]iinion  of  your  fellow  students  on  your  efforts  are  also  of  mlvan- 
tace. 
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After  a  paper  is  reaJ  at  our  meetings  I  would  like  you  to  have 
questions  to  ask  and  if  possible  create  some  discussion,  for  in  this 
way  many  points  are  brought  out  which  may  have  been  overlooked 
in  the  paper. 

Last  year  we  were  very  fortunate  in  having  several  of  our 
papers  illustrated  with  lantern  slides  which  were  generously  sup- 
plied l)y  the  School.  In  this  respect  I  might  say  that  a  considerable 
amount  of  time  Avas  expended  by  some  members  of  the  Faeultv 
and  the  Fellows.  In  particular  I  wish  to  thank  ^Ir.  C.  K.  C. 
Wright  and  Mr.  A.  H.  Harkness  for  their  untiring  efforts  in  pro- 
viding us  last  year  with  so  many  lantern  slides,  and  I  trust  that 
this  year  we  may  look  forward  to  seeing  more  of  the  slides  on  the 
screen. 

After  the  papers  have  been  read  at  our  meetings  they  are  tiled 
away  until  it  is  time  to  arrange  the  material  for  the  pamphlet. 
They  are  then  submitted  to  the  Editor,  who  has  charge  of  the  publi- 
cation, and  is  appointed  by  the  Council  of  the  School,  who  selects 
those  most  suitable  for  publication  in  the  proceedings  of  the 
Society. 

Last  year  1,500  copies  of  the  pamphlet  were  printed.  Copies 
of  this  were  sent  to  all  life  members  of  the  Society,  and  all  the  pro- 
minent magazines  and  colleges  in  the  world.  "We  also  make  ex- 
changes with  a  few  similar  societies  in  other  colleges. 

The  Engineering  Society  handles  all  the  draughting  paper 
and  laboratory  note  books  used  in  the  School.  This  year  we  will 
purchase  our  note  books  direct  from  the  wholesale,  but  I  am  sorry 
to  say  this  is  impossible  with  the  draughting  paper,  as  the  paper 
we  use  is  manufactured  in  Germany  At  a  meeting  of  the  com- 
mittee held  last  May  w-e  discussed  the  advisability  of  purchasing 
our  paper  direct  from  Germany,  but  had  to  give  up  this  idea  on 
account  of  the  lack  of  funds  in  the  treasury.  A  great  saving  in 
the  cost  of  the  paper  could  be  made  if  we  had  the  necessary  money 
to  order  our  season's  stock  direct  from  the  manufacturer  in  ^fay. 

This  matter  has  received  careful  consideration,  and  tlie  pro 
blem  of  increasing  our  funds  was  constantly  with  me  durinir  the 
past  summer.  During  uoxt  summer  if  each  member  of  our  Society 
both  graduate  and  undorora<ln;ite,  co\ild  ol)tain  an  a<lvertisement 
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to  be  inserted  in  onr  annual  pamphlet,  the  finances  of  the  Society 
would  be  placed  in  such  a  secure  state  that  we  could  then,  buy  all 
our  materials  direct  from  the  manufacturers.  This  woulc]  mean 
that  our  funds  v/ould  be  further  increased.  There  is  no  reason  to 
reduce  the  cost  of  the  materials  now  sold  to  the  students,  as  they 
are  now  below  the  prices  of  the  retail  dealers.  This  then  would 
mean  tliat  we  would  be  able  to  spend  a  considerable  sum  annually 
in  purehasino-  new  and  up-to-date  boohs  for  oiir  library.  We  could 
easily  spend  a  few  hundred  dollars  in  this  work,  and  it  is  my 
opinion  that  the  money  could  not  be  spent  in  a  better  way.  The 
first  object  of  the  Society,  as  stated  in  Article  2  of  our  Constitu- 
tion, is  "  the  encouragement  of  original  research  in  the  Science  of 
Engineering."  and  this  cannot  be  encouraged  in  a  more  practical 
way  than  in  providing  literature  on  various  scientific  subjects  for 
the  use  of  the  members  of  our  Society. 

I  trust  that  next  summer  you  will  avail  yourselves  of  the  oppor- 
tunity thus  afforded  of  lielping  to  pLnce  the  library  of  the  Engineer- 
ing Society  in  a  condition  that  it  will  be  of  use  to  our  members. 

At  our  last  annual  meeting,  Mr.  Shanks,  the  retiring  Presi- 
dent, introduced  a  new  system  of  voting,  which  gave  such  general 
satisfaction  that  I  feel  I  cannot  conclude  without  mentioning  it. 
By-law  four  of  oiu"' Society  states  that  "a  majority  of  the  total 
number  of  votes  east  shall  be  necessary  for  election  to  any  office.*' 
When  there  were  over  two  candidates  for  any  office,  under  the  old 
system  of  A'oring,  this  would  very  often  make  it  necessary  to  hold 
two  or  even  three  elections  before  one  candidate  would  receive  a 
majority  of  the  votes  cast.  This  caused  an  annoying  delay  in  the 
elections  and  a  great  deal  of  unnecessaiw  trouble  and  work  to  the; 
scrutineers  as  well  as  to  the  members. 

Tn  the  new  system  this  was  overcome  by  the  voter  marking 
opposite  the  candidate  for  whom  he  wished  to  vote  the  figure  1, 
while  opposite  his  second  choice  for  this  office  he  marked  the 
figure  2,  and  o])posite  his  third  choice  the  figure  3,  and  so  on. 
When  the  number  of  "first  choices"  were  added,  if  any  candidate 
.  had  received  a  majority  he  was  declared  elected,  but  if  not  then  the 
"  second  choices  "  of  the  lowest  candidate  were  distributed  amonff 
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the  others.  If  no  candidate  was  then  elected  the  ballots  of  the 
lowest  candidate  were  a^'ain  distributed  among-  the  others. 

This  system  was  very  satisfactory  and  little  more  trouble  was 
experienced  in  counting  the  ballots  than  in  the  ordinary  way,  and 
an  election  was  always  assui'ed. 

Before  concluding  I  would  like  to  make  a  few  remarks  about 
tlie  School.  The  reputation  of  the  Ontario  School  of  Practical 
Science,  as  an  engineering  college,  has  been  rising  for  a  number  of 
years,  until  now  it  is  looked  upon  as  being  one  in  which  a  xevy 
thorough  knowledge  of  the  foundation  of  engineering  science  is 
obtained.  The  number  of  students  in  attendance  has  been  increas- 
ing rapidly  each  year  and  it  has  arrived  at  the  point  where  very 
little  more  accommodation  can  be  afforded.  It  is  crowded  in  every 
department  and  in  a  year  or  two  if  more  accommodation  is  not  pro- 
vided the  students  will  have  to  go  to  other  colleges  to  obtain  their 
education. 

A  large  grant  from  the  Government  is  needed  to  maintain 
the  high  reputation  which  the  School  now  enjoys,  and  to  accom- 
modate the  students  who  are  flocking  here  annually. 

It  is  with  regret  that  I  have  to  refer  to  the  illness  of  one  of 
the  Past  Presidents  of  our  Society,  and  a  member  of  the  Faculty 
of  the  School.  Mr.  Duff  has  always  taken  a  keen  interest  in  the 
Engineering  Society,  but  unfortunately  will  not  be  able  to  be  with 
us  this  year.  I  am  glad  to  be  able  to  announce  that  he  is  very 
much  better  and  hopes  to  continue  his  work  in  the  School  next  fall. 
I  am  sure  that  it  is  the  wish  of  every  member  of  the  Society  that 
Mr.  Duff's  health  and  strength  will  soon  return  to  him  and  that 
he  will  again  be  able  to  continue  his  lectures  and  attend  the  meet- 
ings of  our  Society. 

I  will  conclude  my  remarks  l»y  again  thanking  yon  for  the 
honor  you  have  conferred  upon  me,  and  will  ask  that  you  do  all 
in  your  power  to  holp  the  committee  make  this  one  of  the  most 
successful  years  in  the  history  of  the  Society. 

r.  W.  Tiinrvot.n. 


CHEMICAL   WOOD    PULP. 


J.  A.  Decew,  '9G. 


In  prepai'ing-  this  paper  ou  Clieiuical  AVoud  rulp,  I  have 
merely  attempted  a  synopsis  of  the  subject,  which  may  convey  to 
those  who  heretofore  have  o-iven  the  subject  but  little  attention, 
some  idea  of  the  methods  employed  and  the  chemistry  involved  in 
this  industry.  It  is  needless  to  mention  that  as  far  as  our  broad 
Dominion  is  concerned,  this  industry  is  but  in  its  infancy,  f(»r  the 
larger  portion  of  our  northern,  uninhabited  lands  are  well  timbered 
■with  spruce,  which  is  one  of  the  best  of  the  paper  making  woods. 
Consequently  this  subject  demands  more  attention  than  it  receives 
from  Canada's  Practical  Science  students,  because  it  has  already 
taken  a  dee])  hold  upon  the  financial  world,  and  because  our  pro- 
fession above  all  others,  should  keep  in  touch  with  the  industries 
of  the  country. 

The  word  ])ulp  is  a  term  wdiicli  generally  may  be  applied  to 
a  number  of  materials,  which  are  quite  variable  in  character  but 
more  or  less  similar  in  appearance,  therefore  if  we  first  classify 
these  in  a  general  way,  we  shall  have  a  somewhat  clearer  concep- 
tion of  that  special  kind,  that  we  are  about  to  discuss.  We  may 
divide  them  into  ?our  classes  according  to  quality,  namely: 

T.  TJag  Pul]) — which  is  made  from  cotton,  linen  or  hemp 
fibres. 

IT.  and  ill.  Wood  Pulits — which  are  of  two  kinds,  cheinical 
and  mochanical. 

IV.  Straw  V\\]\) — which  is  a  chemical  product  of  inferior 
(juality. 

^\s  tlic  manufacture  of  nu^elianical  wood  pul]i  was  very  ably 
described  in  a  paper  read  before  this  Society  last  year,  the  subject 
matter  of  this  article  will  deal  exclusively  with  its  half-brother  of 
the  chemical  species,  which  is  in  reality  another  product  from  the 
same  substance. 
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Mechanical  pulp  is  simply  wood,  ground  to  a  fine  powder  and 
consists  chemically  of  a  combination  of  celluloses  and  lignocellu- 
loses.  !Now  if  instead  of  grinding;,  we  treat  the  wood  with  a 
chemical  solution,  which  disintegrates  it  and  dissolves  out  the 
lignocelluloses,  we  then  have  left  what  is  commonly  called  chemical 
pulp,  and  this  consists  of  those  celluloses  which  have  resisted  the 
action  of  the  solvent.  As  about  half  of  the  woodv  substance  is 
thus  removed  and  destroyed,  the  remaining  product  must  neces- 
sarily be  more  costly  than  the  ground  pulp,  but  the  fibres  remain- 
ing are  white  and  unbroken  and  are  only  comparable  witli 
the  chea]3er  product  when  quality  is  not  required.  Mechanical 
pulp  has  a  very  short  fibre,  little  felting  power,  is  quickly  discolored 
in  air  and  light,  and  is  only  used  as  a  filling  material  in  news, 
wrap])ing,  and  other  ]3apers  of  a  temporary  character.  Chemical 
wood  pulp,  however,  makes  a  good,  white,  permanent  paper,  and 
is  the  source  of  most  of  our  writing  materials,  although  it  makes 
neither  as  strong  nor  as  resistant  a  paper  as  do  the  rag  pulps. 

The  pulps  prepared  from  straw  are  pronounced  oxycelluleses, 
and  have  considerably  more  chemical  activity  than  those  prepared 
from  the  woods. 

There  are  two  distinct  methods  of  preparing  the  chemical 
wood  pulp,  which  may  be  designated  as  the  alkaline  and  the  acid. 
In  the  alkaline  or  soda  process  the  usual  method  employed  is  to 
pack  the  wood  in  the  form  of  chips  into  a  horizontal  cylindrical, 
rotating  digester,  which  has  a  capacity  of  about  three  cords. 

Here  it  is  digested,  with  about  seven  hundred  gallons  of  a  six 
to  nine  ])er  cent,  solution  of  sodium  hydrate,  which  is  heated  to 
high  temperatures  by  means  of  live  steam.  The  boiling  lasts  from 
eigbt  to  ten  hours,  at  pressures  which  may  vary  from  sixty  to  two 
hundred  and  ten  ])ounds  y)er  sq.  in.  The  products  resulting  fi'om 
this  "  cook  "  are  a  grayish  brown  pulp  and  a  dark  brown  liquor, 
^\!li('h  are  dumped  into  iron  washing  tanks,  and  after  the  liquor  i^ 
drained  off,  the  pulp  is  thoroughly  washed.  But  as  thcvse  wash 
waters  are  finally  evaporated  in  order  to  recover  the  contained  soda, 
they  are  used  until  they  become  quite  concentrated,  the  pulp  being 
washed  continuously  with  a  less  concentrated  solution  until  all  the 
alkali  is  removed.  The  pulp  is  now  treated  with  a  bleaching  solu- 
tion, which  contains  twelve  to  fourteen  pounds  of  bleaching  powder 
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for  every  liundred  pounds  of  pulp,  and  tliis  removes  tlie  remain- 
ing ligneous  matter,  leaving  a  pure  white  cellulose. 

The  recovery  of  the  soda  from  the  waste  liquor  is  accomplish- 
ed by  evaporation  in  vacuum  pans  until  it  has  a  density  of  40" 
Baume,  when  it  is  burned  in  a  special  furnace  to  remove  the 
organic  matter.  The  remaining  ash  contains  the  soda  in  the  form 
of  a  carbonate,  and  Avhen  this  is  heated  in  tanks  with  slaked  lime, 
in  the  proportion  of  one  hundred  of  soda  to  sixty  of  lime,  the  lime 
is  precipitated  as  calcuim  carbonate  and  the  soda  becomes  caustic 
again. 

Another  method  of  recovering  the  soda,  which  has  been  lately 
adopted,  consists  in  heating  three  parts  of  ferric  oxide  with  one  of 
soda  carbonate,  when  sodium  ferrate  is  formed.  And  on  heating 
this  with  hot  water,  it  decomposes  forming  sodium  hydrate  and 
ferric  oxide  once  more.  The  liquors  of  the  alkaline  process,  some- 
times contain  large  quantities  of  the  sulphate  or  carbonate  which 
are  cheaper  although  weaker  in  action  than  the  hydrate.  In  a.ldi- 
tion  to  the  recoven/  of  the  soda  from  these  liquors,  a  valuable  pro- 
duct in  the  fonn  of  acetate,  may  be  obtained  from  the  organic 
matter  of  the  solution.  As  perhaps  you  are  aware,  one  of  the 
standard  methods  for  the  manufacture  of  oxalic  acid,  is  the  treat- 
ment of  wood  or  sav.-dlist  with  alkaline  hydrates  at  temperatures 
ranging  from  200°  to  250"  C. 

~So\\'  if  the  heating  is  prolonged  and  oxidation  is  allowed  to 
take  place,  either  from  contact  with  air  or  oxidizing  agents,  a  large 
percentage  of  acetic  acid  is  formed.  Therefore  if  the  soda  liquor  is 
evaporated  and  chained  at  temperatures  from  3.50°  to  400°  C,  the 
organic  matter  reacts  with  the  soda  to  fonn  sodium  acetate  (Xa  C^ 
H4  Oo,  sHo  O).  This  product  comprises  about  38  per  cent,  of  the 
soluble  portion  of  the  char,  and  about  16  per  cent,  of  the  residue. 
AVitli  Esparto  liquor  five  to  six  per  cent,  of  the  weight  of  th(^ 
original  fibre  was  obtained. 

Tn  the  soda  ]U'occss  po])lnr  i>  largely  used,  although  maple, 
Cottonwood,  Avhite  birch  and  basswood,  are  also  emi">loyed.  The 
spiiice,  pine  and  hemlock  yield  a  long  fibre  but  are  a  little  more 
difficult  to  treat.    The  main  objections  to  the  process  are — 

1.   The  high  temperatures  and  pressures  required. 
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2.  The  formation  of  dark  colored  products  which  are  difficult 
to  remove  from  the  pulp. 

3.  The  destructive  action  that  the  alkalis  have  on  the  cellu- 
loses themselves,  as  the  less  resistant  are  attacked  and  dissolved  in 
the  severe  treatment  required  to  remove  the  ligneous  portion. 

The  acid  or  sulphite  process: — 

This  is  the  process  which  is  now  being  most  commonly  intro- 
duced into  this  country',  because  it  has  several  important  advan- 
tages over  the  alkaline  treatments  just  described.  In  the  first 
place,  the  cost  in  chemicals  is  less;  and  a  larger  yield  of  fibre  is 
obtained,  which  is  not  weakened  by  the  treatment. 

And  secondly,  the  paper,  which  is  made  from  tliis  pulp,  i^ 
harder  and  more  transparent  and  durable  than  that  from  wood 
pulps  made  by  other  methods. 

The  treatment  consists  in  digesting  the  wood  at  high  tem- 
peratures with  an  acid  sulphite  solution. 

The  acid  radical  unites  with  the  products  of  hvdrolysis  to 
form  soluble  sulphonated  derivatives,  while  the  base  unites  with 
the  acid  products  of  the  decomposition.  The  hydrolitic  action  i-^ 
greatly  increased  by  the  presence  of  sulphurous  acid,  and  for  this 
reason,  the  bi-sulphite  (Na  H  SO3)  solution  effects  a  reduction  in 
less  time,  and  at  lower  temperatures,  than  a  neutral  sulphite 
solution  would. 

Xow,  turning  our  attention  to  some  of  the  details  of  the  treat- 
ment, we  find  that  the  bark  and  knots  and  also  the  resinous 
matters  of  the  wood,  are  very  slightly  acted  upon  by  these  sulphite 
solutions,  and  must  in  consequence  be  carefully  removed-  Sound 
knots  may  be  allowed  to  pass  through  the  digester  and  be  after- 
wards removed  from  the  pulp  by  screens.  Before  very  high  tem- 
])eratures  are  reached  it  is  necesesary  that  the  wood  be  thoroughly 
impregnated  by  the  solution,  and  the  absorption  is  hastened  bv 
])reviously  crushing  the  wood.  Dry  and  green  woods,  or  woods  of 
different  species,  should  not  be  treat<>d  together  in  tiie  same 
digester  as  they  will  bo  unequally  reduced  and  leave  chips  in  the 

]'Ulp. 

The  first  step  in  the  preparation  of  the  sulphite  liquor  is  the 
f<irmation  of  sulphur  dioxide  (SOo)  from  the  combustion  of  cither 
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sulphur  or  its  compounds.  As  this  gas  must  be  absorbed  by  water 
to  form  sulphurous  acid  (Ho  SO3),  it  is  evident  that  the  less  it  is 
diluted  with  other  gases  the  more  complete  will  be  its  absorption. 
Therefore  the  sulphur  is  burned  in  specially  constructed  furnaces 
with  the  object  of  obtaining  a  complete  combustion  with  the 
smallest  possible  draught.  If  the  combustion  of  the  sulphur  is  in- 
complete, a  part  of  it  sublimes  and  re-acts  with  the  sulphur  dioxide 
to  form  thiosulphuric  acid  (Ho  So  O3)  which  in  turn  forms  thio- 
sulphates.  These  will  decompose  on  boiling,  and  precipitate  the 
sulphur  into  the  pul]),  Avhicli;  being  practically  insoluble,  it  is  im- 
possible to  remove.  AVhen  this  sulphur  becomes  oxidized  to 
sulphuric  acid  it  is  veiy  injurious  to  the  paper  making  machinery 
as  well  as  the  ])u\]). 

When  pyrites  is  used  in  the  production  of  sulphur  dioxide 
more  complicated  burners  are  used,  and  additional  care  is  taken  to 
avoid  overheating,  for  slags  are  easily  formed  which  impede  -the 
draught  and  are  difficult  to  remove.  Blowers  or  exhaust  fans  are 
used  to  improve  the  draught  through  the  furnace,  and  these  cause 
a  lot  of  fine  dust  to  be  earned  over  with  the  burned  gases.  This 
dust  never  reaches  the  pulp  however,  as  the  gases  pass  dfrectly 
from  the  furnace  into  a  dust  chamber  where  it  settles  before  the 
gases  enter  the  cooler. 

From  the  fact  that  one  volume  of  water  at  zero  centigrade 
will  absorb  sixty-nine  volumes  of  sulphur  inoxide;  and  at  fort>' 
degrees  Avill  absorb  but  seA'enteen  volumes,  it  is  evident  that  the 
temperature  of  both  gases  and  liquor  will  be  kept  down  as  much 
as  possible  diu'ing  absorption.  In  practice  the  temperature  of  the 
cooler  varies  from  ten  to  fifteen  degrees.  The  absoi-ption  apparatus 
are  of  two  kinds,  namely,  that  in  which  the  gas  is  absorbed  by 
water  holding  the  base  in  suspension  or  solution;  and  that  in  Avhich 
the  gas  and  Avater  react  together  upon  lumps  of  the  carbonate  of 
the  base.  The  latter  method,  Avhich  is  the  older  and  simpler,  con- 
sists of  a  high  shaft  or  tOAver  packed  Avith  limestone  or  dolomite, 
Avhich  is  covered  by  a  thin  film  of  Avater  that  enters  from  above. 
The  gases  enter  the  base  of  the  toAver  under  pressure  suflieient  to 
force  them  u])  through  tlu^  limestone  and  out  at  the  io]^.  The 
sulphur  dioxide  meeting  the  moist  limestone,  reacts  Avith  it,  form- 
ing at  fii-st  suljihurous  acid  (TTo  SO3),  and  then  calcium  sulphite 
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(Ca  SO3),  while  this  insoluble  product  unites  with  more  sulphur 
dioxide  to  form  calcium  bi-sulphite  |  Ca  IL.  (SO;;)^].  which  l)e;nu- 
soluble  is  washed  out  \>y  the  descending-  water.  The  former  or 
lank  apparatus  is  the  one  jienerally  used  in  this  countrv,  and  con- 
sists of  a  series  of  tanks  filled  with  water  which  holds  the  carbonate 
in  solution  or  suspension. 

In  this  case  the  chemical  reaction  is  practically  the  same  as 
just  described,  for  as  the  sulphur  dioxide  is  absorbed,  the  insoluble 
calcium  sulphite  is  precipitated,  but  becomes  redissolved  as  it  reacts 
vdt]\  more  sulphur  dioxide  to  form  the  bi-sulphite  [Ca  H2  (SOs)^]. 
In  practice  more  or  less  of  the  insoluble  sulphate  (Ca  SO4)  is  form- 
ed bv  oxidization,  which  is  allowed  to  settle  and  then  the  liquor 
is  drawn  off  and  stored  in  air  tiulit.  lead  lined  tanks,  until  it  is 
required  for  use. 

The  real  process  of  pulp  making  begins  when  the  chips  and 
liquor  are  brought  together  in  the  digesters,  whicli  vary  in  -^ize,  and 
may  be  either  upright  or  rotary.  But  the  great  difficulty  in  making 
digesters  for  this  process,  is  to  obtain  a  suitable  lining  which  will 
protect  the  iron  plate  from  the  corrosive  action  of  the  sulphurous 
acid.  The  usage  in  the  past  has  been  generally  in  favor  of  lead 
linings,  as  they  are  but  slighted  acted  upon  bv  the  acid,  and  arc 
further  protected  by  the  coating  of  lead  sulphate  wdiich  forms. 
The  objection  to  the  use  of  lead,  to  overcome  which  manv  devices 
have  been  tried,  is  the  fact  that  it  has  about  double  the  co-efRcient 
of  exi^ansion  of  iron,  so  that  in  alternate  heating  and  cooling,  it 
buckles  and  draws  to  such  an  extent  as  to  soon  necessitate  repairs. 

Bronze  linings  have  been  used  with  some  succetis,  and  boiler 
ccales  in  the  form  of  sulphite  of  lime  or  silicates  of  iron  and  cnlciuin 
have  worked  very  well. 

But  the  digester  lining  that  takes  the  precedence  and  which 
is  now  being  rapidly  introduced,  is  merely  a  layer  of  Poi-tland 
cement  of  about  four  inches  in  thickness,  and  this  mav  be  applied 
to  the  boiler  directly  or  fii-st  made  into  slabs  and  then  fitted  in.  At 
first  it  is  more  or  less  porous,  but  the  interstices  are  soon  filled  by 
a  deposit  of  sulphate  and  sidphite  of  lime  which  render  it  quite 
impervious.  The  cheapness  of  the  application  and  repair  of  this 
lining  will  recommend  its  general  a<lo]ition. 
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In  a  digester  containing  two  cords  of  chips,  about  twenty-fivo 
hundred  gallons  of  a  three  and  one-half  per  cent,  liquor  is  used. 
The  temperature  is  raised  slowly  until  after  the  wood  has  become 
saturated  with  the  liquor,  and  tlien  a  steam  pressure  of  sixty-five 
to  eighty-five  pounds  is  turned  on,  which  is  equivalent  to  a  tem- 
perature of  one  hundred  and  fifty-five  to  one  hundred  and  sixty- 
five  degrees  centigrade.  At  these  high  temperatures  the  bi- 
sulphite is  decomposed  into  sulphurous  acid,  and  the  normal  sul- 
phite, which  being  insoluble  is  deposited  in  the  pipes  or  ]nilp.  The 
sulphurous  acid  gas  forms  a  hydrostatic  pressure,  which,  added  to 
that  of  the  steam  for  the  given  temperature,  gives  the  total  pre-sur>' 
in  the  boiler. 

Thus  the  ]U'cssure  may  be  considerably  increased,  by  th(^ 
formation  of  this  gas,  without  an  equivalent  rise  in  temperaturr- 
On  account  of  the  greater  convenience  the  digesters  are  heated  b>' 
means  of  live  steam,  which,  by  condensing  in  the  pulp,  is  con- 
tinually diluting  the  solution,  but  by  employing  a  non-conducting 
jacket  very  little  difficulty  is  experienced  in  practice,  cs]-»ecially 
Avhen  cement  linings  are  used. 

At  tlie  end  of  the  cook  the  gas  is  nearly  all  blown  off  and 
then  the  ptilp  is  blown  out  under  a  pressure  of  about  thirty 
pounds.  This  saves  time  in  handling  and  the  trouble  of  beating. 
It  must  now  be  thoroughly  washed  to  remove  any  of  the  precipi- 
tated sulphite,  especially  when  bleaching  is  to  follow,  for  the  sul- 
]3hite  is  a  strong  antichlor  itself,  as  it  takes  up  the  free  oxygen 
formed  by  the  action  of  the  chlorine. 

The  pulp  is  never  a  pure,  pennanent  white  until  after  the 
ligneous  and  coloring  matters  remaining,  have  been  broken  up 
and  removed  by  the  action  of  a  bleaching  agent.  The  true 
bleaching  action  is  pnrely  an  oxidization,  which  breaks  u]i  tlu^ 
coloring  matters  into  simple  colorless  oxidized  derivatives.  With 
bleaching  powder  (Ca  O  CI.)  the  chlorine  unites  with  the  livdrogcii 
of  the  water  and  this  action  liberates  the  oxygen  which  does  tln^ 
Avork.  Pun^  oxygen,  ozone  or  hydrogen  peroxide,  mav  also  be  used 
with  equal  effect.  On  the  other  hand  the  bleaching  action  of  sul- 
phurous acid  is  of  a  quite  different  character,  for  it  combines  wilh 
the  coloring  matters  to  form  colorless  compounds,  which  are  e;^silv 
reduced  with  a  return  of  the  color  when  the  acid  is  ueutrali/ed. 
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You  will  naturally  wonder  what  becomes  of  the  waste  liquor 
in  this  process,  and  this  is  one  of  the  problems  that  has  been  left 
for  this  century  to  decide.  In  some  places  the  gas  is  recovered 
but  the  general  practice  is  to  dump  the  liquors  into  the  nearest 
pond  or  stream  to  get  rid  of  them.  This  not  only  means  a  loss  of 
half  the  woody  structure  and  the  gas  in  solution,  but  the  effect  of 
these  liquors  in  fishing  streams  is  remarkable.  The  svilphurous 
acid  being  a  reducing  agent,  combines  with  the  free  oxygen  in  the 
water,  and  the  organic  paste  in  the  solution  forms  a  coating  over 
the  gills  of  the  fish;  therefore  the  fish  have  left  no  atmosphere  and 
could  not  breath  it  if  they  had.  If  the  Avaste  liquor  is  evaporatetl 
the  residue  has  no  fuel  A'alue,  therefore  we  must  look  in  other 
directions  for  methods  of  convei"sion  into  valuable  bi-products.  All 
that  is  known  concerning  the  chemical  composition  of  these  liquors, 
is  that  they  are  sulphonates  containg  the  OCH3  group.  Future 
research  may  result  in  the  manufacture  of  either  glucose,  alcohol, 
oxalic  or  acetic  acid,  from  this  organic  residue.    • 

Resinous  woods  are  not  very  suitable  for  pulp  making,  as 
the  resins  are  insoluble  in  hot  bi-sulphite  solutions,  and  although 
they  are  dissolved  by  the  alkaline  solvents,  every  hundred  parts  of 
resin  will  neutralize  eighteen  parts  of  the  alkali. 

"Woods  such  as  chestnut,  which  contain  tannin,  should  not  he 
treated  by  the  sul]Dhite  process,  as  the  tannic  acid  would  act  as  an 
oxidizing  agent,  converting  the  sulphurous  into  sulphuric  acid. 
Spruce  and  poplar  are  used  almost  exclusively  in  the  sulphite 
process. 

If  a  compound  cellulose  such  as  wood  is  treated  with  water  at 
a  high  temperature,  a  hydrolitic  action  takes  place  with  the  partial 
isolation  of  cellulose  and  the  formation  of  soluble  compounds  with 
an  acid  reaction.  All  of  the  commercial  methods  of  isolating 
cellulose  depend  upon  this  hydrolitic  action.  The  ?o<la  process  is  a 
basic  hydrolysis,  and  the  sulphite  process  is  an  acid  hvdrolvsis, 
although  the  chemical  reactions  that  actually  take  place  in  the 
cellulose  molecule,  are  yet  but  a  matter  of  conjecture.  The 
emperical  composition  of  cellulose  is  the  same  as  starch  (C„  Hio  O^.  k 
hut  they  differ  remarkably  in  resistance  to  hvdrolysi?  and  in 
many  other  ways.     This  indicates  a  difference  in  the  linking  of  the 
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unit  groups,  and  in  the  reactivites  of  tlie  OH  groups,  wliicli  in 
cellulose  exercise  a  purely  alcoholic  function.  The  investigations 
of  Cross  and  Bevan  indicate  that  the  cellulose  formula  is  Cc  lie  O 
(O  11)4,  or  some  multiple  of  this  which  is  in  a  more  or  less  hydrated 
condition,  according  as  it  is  more  or  less  resistant  to  hydrolitic 
ad  ion.  ^Vll  those  celluloses  that  are  eaten  and  diaested  by  the 
herbivora  are  extremely  hydrated  forms,  and  they  become  more 
resistant  to  external  agencies  as  the  water  of  hydration  is  removed.. 
Iliis  fact  is  well  exemplified  in  the  discriminating  way  that  fodder 
eatinii'  animals  usuallv  select  their  foods. 


THE  BONDING  OF  BROKEN  STONE  ROADS. 


A.  W.  Campbell,  CK, 


Before  entering-  upon  the  subject  which  I  have  broiioht  be- 
fore you  today,  in  the  title  of  this  paper,  it  will  be  well  to  review 
briefly  the  construction  of  a  broken  stone  road.  In  general,  the 
iirst  step  in  the  construction  of  a  broken  stone  road  of  modem  de- 
t-ign  is  to  prepare  the  natural  sub-soil,  on  which  the  stone  road 
surface  is  to  rest,  so  as  to  make  of  it  a  firm  and  strong  foundation. 
This  treatment  of  the  sub-soil  for  the  most  part,  is  a  matter  of 
grading  and  under  drainage,  especially  the  latter.  It  is  the  natural 
soil  which  must  bear  up  the  weight  of  traffic,  and  a  wet,  yielding- 
foundation  is  not  a  suitable  support,  when  bridged  over  with  any 
form  of  paving  material.  With  the  exception  of  light,  and  partly 
decayed  vegetable  mould,  nearly  all  soils,  when  kept  dry  by  under- 
drainage,  are  sufficiently  strong  to  support  the  heaviest  traffic, 
but  when  saturated  with  water,  every  soil  is  weakened.  Xatural 
drainage  is  frequently  sufficient,  so  that  artificial  under-drainage, 
usually  of  common  porous  tile,  is  not  always  nec€ssary.  The  kind 
of  soil,  whether  clay,  gravel,  sand,  loam,  and  the  facilities  and 
need  for  drainage  vv'ill  indicate  the  means  to  be  adapted. 

An  excavation  is  made  to  receive  the  stone;  if  a  town  or  city 
street,  curbing  is  placed  along  the  side^;  the  sub-soil  is  thoroughly 
consolidated  with  a  roller,  and  upon  this  is  placed  the  stone,  broken 
into  frag-ments  varying-  in  size  from  stone  dust  and  screenings  •to 
such  as  will  pass  through  a  2^  inch  ring.  If  the  traffic  is  gi-eat, 
or  if  the  soil  is  of  a  kind  particularly  difficult  of  drainage,  a.'=;  for 
example  what  is  described  as  an  "  oily  clay,"  a  Telford  foundation 
is  particularly  useful.  A  Telford  foundation  is  composed  of  stones 
of  varying  sizes,  not  exceeding  ten  inches  in  length,  six  inches  in 
breadth  on  the  broadest  side,  nor  four  inches  in  thickness  on  the 
narrow  side.  These  stones  are  placed  lengthwise  across  the  road, 
]>reakiiig  joints  as  much  as  possible;  the  interstices  are  filled  Avitli 
stone  chips,  all  projecting  points  are  broken  off,  and  the  whole 
stnicturo  is  wedged,  consolidated  and  made  as  firm  as  iiossible.  As 
a  cheaper  means,  the  stones  arc  commonly  placed  flat  on  the  road. 
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closely  together.  The  surfacing  metal  is  then  placed  on  thi> 
''  pitched  "  foundation,  in  the  usual  way,  usually  to  a  depth  of 
at  least  six  inches,  and  for  heavy  traffic  may  have  a  depth  of  ten 
or  twelve  inches. 

In  placing  this  broken  stone  in  the  roadway  it  is  spread  in 
layers  of  about  four  inches  in  thickness,  and  a  steam  roller  passed 
over  each  layer  to  consolidate  them.  The  road  surface  should 
ser\'e  two  ends.  It  should  present  a  smooth,  hard  surface  to  traffic; 
and  it  should  be  impervious  to  moisture,  so  that  rain  falling  upon 
it  will  not  pass  into,  and  soften  the  earth  on  which  it  rests.  That 
is  to  say,  it  should  answer  the  purpose  of  both  a  floor  and  a  roof. 
These  objects  are  attained  by  making  the  surface  of  the  roadway 
higher  at  the  centre  than  at  the  sides,  so  as  to  shed  the  water  to  the 
side  gutters,  and  by  compressing  and  compacting  the  material  of 
which  the  road  is  composed.  This  compressing  of  the  roadbed  is 
usually  performed  either  by  traffic  or  by  means  of  a  heavy  roller, 
aided  by  intenuixing  with  the  stone,  certain  fine  stuff,  screenings 
(the  chips  and  stone  dust  created  by  crushing),  sand,  loam,  street 
scrapings  and  even  clay. 

The  use  of  a  binding  materal  in  the  construction  of  broken 
stone  roa"Hs,  is  a  matter  which  has  been  tlie  subject  of  much  dis- 
cussion, with  a  corresponding  diversity  of  opinion.  The  kind  of 
material,  the  amount,  the  method  of  using,  forms  an  interesting 
chapter  in  the  history  of  road-making,  and  it  is  to  this,  together 
with  the  use  of  a  roller,  to  which  the  title  of  this  paper  drav\'S 
attention. 

The  use  of  the  roller,  and  therefore  the  bonding  of  the  road, 
begins  with  the  earth  sub-soil.  The  roller  used  on  the  natural  soil 
will  serve  two  ]HU-poscs;  it  wdl  find  the  weak  spots  in  the  sab-soil; 
will  consolidate  it,  and  assist  in  providing  a  firm  foundation.  Un- 
less the  sub-soil  is  rolled,  uneven  settlement  is  likely  to  take  place 
after  the  road  is  completed,  creating  depressions  in  liie  road  sur- 
face, a  matter  obviously  to  be  avoided.  By  rolling  it,  on  the  other 
hand,  wherever  tlierc  is  a  quantity  of  loose  soil,  created  in  drain- 
age excavation,  in  filling,  or  is  weak  because  of  its  composition,  it 
will  be  forced  down  beyond  the  possibility  of  settlement.  The 
earth  sub-soil  too,  if  given  a  crown  similar  to  the  finished  surface 
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of  the  road,  and  its  surface  thoroughly  hardened,  will  have,  itself, 
a  tendency  to  assist  in  the  drainage  of  the  road  by  throwing  off 
such  water  as  may  percolate  through  from  above. 

AVheu  this  is  consolidated,  it  wdll  form  a  hard  and  firm  base, 
upon  which  to  roll  and  consolidate  the  succeeding  layers  of  stone. 
If  the  stone  is  merely  placed  u])on  an  unconsolidated  sal)-soil,  the 
result  can  readily  be  imagined;  the  stones  arc  forced  by  rolling 
into  the  sub-soil,  and  the  earth  is  worked  up  among  the  stones. 
The  subsequent  rolling  is  less  effective,  and  whatever  beneficial 
drainage  would  result  from  a  smooth  sub-soil  surface  is  lost- 

The  sub-soil,  then,  having  been  thoroughly  rolled,  a  Telford 
or  other  "  pitched  "  foundation,  if  required,  may  be  laid,  and  this 
also  rolled.  I'pon  this,  the  broken  stone  is  placed.  It  should  be 
spread  in  layers,  and  each  layer  thoroughly  rolled.  Tlie  thickness 
of  the  layers,  as  spread  over  the  road  for  rolling,  will  vai^^  in 
accordance  w'ith  many  circmnstances,  the  weight  of  roller  used, 
the  size  and  hardness  of  the  broken  stone,  the  ultimate  thickness 
of  the  road  hed,  etc.  Six  inches  loose  should  be  a  maxim  thickness, 
while  three  or  four  inches  is  preferable.  Where  the  stone  is 
graded,  as  it  should  be,  into  different  sizes,  each  size  of  stone 
should  be  placed  on  the  road  and  rolled  se])arately.  As  an  in- 
stance of  what  might  be  done,  take  the  case  of  a  layer  of  stone  to  be 
six  inches  in  de])th  when  consolidated,  it  would  be  most  practicable 
to  roll  do^vn  two  layers  of  four  inches  thickness,  loose,  which,  when 
compacted  will  make  about  the  required  depth.  The  greater  the 
depth  of  loose  material  under  the  roller,  the  less  perfect  will  the 
consolidation  be,  and  there  is  the  possibility  of  its  being  crowded 
into  heaps  over  wdiich  the  roller  cannot  pass. 

The  effect  of  the  roller  on  the  stone  mass  is  to  wedge  the 
stones  against  one  another,  interlocking  them,  and  giving  them  a 
mechanical  clasp,  one  of  the  other,  which  is  not  readily  disturbed 
by  traffic.  The  roller  is  now  used  in  preference  to  the  old-time 
method  of  merely  allowing  traffic  to  do  this  w'ork  of  consolidation, 
and  is  absolutely  necessary  to  the  best  w-orkmanship.  Without  the 
roller,  the  sulvsoil  is  much  disturbed  by  the  pressure  of  narrow- 
tires  and  by  hoises  hoofs,  before  the  surface  protection  becomes  a 
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protection,  an  effect  much  increased  by  wet  weather.  Before  con- 
solidation is  attained  under  traffic,  the  shai'p  anoles  of  the  stones, 
whicli  materially  aid  in  procuring  a  durable  bond,  will  be  worn 
off.  Without  a  roller,  too,  the  stone  cannot,  with  the  best  results, 
be  placed  in  the  roadbed  in  graded  courses,  the  largest  stones  in 
the  bottom  and  the  finest  on  top,  for  traffic  over  the  loose  material 
will  intermix  tKem,  allowing  the  large  stones  to  \\ork  to  the  top. 

The  objection  to  large  stones,  of  say  2 3^  inches  in  diameter, 
at  the  surface  of  the  road,  is  that  they  do  not  assume  so  firm  a 
bearing,  as  will  smaller  stones;  they  are  more  readily  disturbed  by 
pressure  at  one  corner  or  at  one  side  and  are  apt  to  be  found  roll- 
ing loosely  under  the  wheels,  and  feet  of  the  horses,  nor  do  the 
different  sized  stones,  if  at  the  surface,  wear  evenly,  the  smaller 
wearing  more  quickly  than  the  larger,  so  that  a  roughened  surface 
results.  On  the  other  hand,  it  is  urged  that  the  finer  stones  inter- 
mixed with  the  larger,  will  lessen  the  percentage  of  voids  in  the 
mass.  While  this  is  no  doubt  true,  yet  the  presence  of  large  stones 
at  the  surface  becomes  very  objectionable,  and  it  is  probable  that 
the  voids  in  the  mass  may  be  sulficiently  filled  by  other  means. 

Rollers  may  be  operated  by  horses  or  by  steam  power.  Ilor-e 
rollers  usually  weigh  four  or  five  tons,  but  may  be  weighted  10'  six 
or  eight  tons.  Steam  rollers  for  broken  stone  roads  weigh  froui 
eight  to  twenty  tons.  The  objection  to  a  heavy  roller  is  that  it 
cannot  be  used  in  soft  material,  as  it  bunches  the  earth  or  stone, 
creating  mounds  over  Avhich  the  roller  cannot  pass.  An  exces- 
sively heavy  roller  crushes  the  stone  into  position,  breaks  off  the 
shai-p  angles,  instead  of  working  the  stones  gradually  iiit(i  a  Avodgod 
condition.  The  heaviest  roller,  too,  is  apt  to  injure  gas  and  water 
mains  if  at  shallow  depths,  and  they  strain  bridges,  culverts  and 
crossings.  In  a  number  of  English  cities,  London  among  these, 
eight  ton  rollers  are  employed  to  prevent  injury  to  city  gas  niains. 
Very  light  rollers,  however,  do  not  do  the  work  of  consolidation  so 
quickly  or  perfectly  as  will  one  of  moderate  weight.  Ten,  twelve 
and  fifteen  tons  will  render  the  best  seiwice,  twelve  being  a  Jiood 
standard.  "Wliere  under-ground  pipes,  culverts,  etc.,  are  not  a 
consideration,  and  two  rollers  ai*e  obtainable,  a  light  roller  for  the 
loose  material,  and  a  heavy  roller  to  complete  the  consolidation  will 
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give  the  best  results.  Hoi-se  rollers  are  not  desirable,  as  they  are 
too  liftlit,  and  the  efforts  of  the  horses  to  move  them  disturb  the 
loose  metal  very  much.  This  last  objection  would  not  be  so  great 
if  the  horses  were  always  well-trained,  and  the  drivers  understood 
their  work;  but,  particularly  in  starting  the  roller,  or  on  grades,  the 
horses  are  not  apt  to  pull  together  and  their  clumsy  efforts  before 
they  get  under  way  do  very  noticeable  injury.  While  even  in 
England,  road  rollers  are  not  in  use  by  all  corporations,  there  re- 
mains no  douBt  as  to  their  being  essential  to  the  most  successful 
and  economical  results. 

The  percentage  of  voids  in  loose  crushed  stone  varies 
according  to  the  size  of  the  stone,  and  whether  or  not  the  stone  is 
screened  into  grades  of  equal  size.  The  smaller  the  stones  the 
greater  the  percentage  of  voids,  and  if  graded  the  percentage  of 
voids  is  also  greater  than  where  the  stones  are  of  uneciUMi  dimen- 
sions. For  various  conditions  the  percentage  of  voids  has  been 
found  by  experiment  to  range  from  41%  to  51%.  For  loose  gi'ad- 
ed  stones  of  2/6  inches  diameter,  the  voids  may  be  accepted  as 
about  one-half.  The  effect  of  rolling  is  to  reduce  the  voids  about 
one-half,  leaving  the  per  cent,  of  voids  about  one-third  of  the  con- 
solidated roadbed. 

It  is  evident  that  to  secure  an  impervious  road  covering 
which  will  protect  the  sub-soil  from  moisture,  this  considerable 
percentage  of  voids  must  be  filled.  "  Xature  abhors  a  vacuum,"  and 
unless  the  right  material  is  used  to  fill  the  vacuum,  the  wrong  ma- 
terial will  be  apt  to  force  its  way  in.  Without  some  material  to 
occupy  the  space,  the  earth  from  below  and  the  dirt  from  above 
will  ultimately  be  forced  and  absorbed  into  it. 

The  materials  commonly  used  for  that  pui-pose  haxc  been 
previously  enumerated,  stone  screenings,  sand,  gravel,  clay,  loam, 
and  street  sweepings;  but  of  these  the  two  first  are  those  most 
commonly  employed.  The  manner  of  applying  them  is  in  general 
the  same.  A  light  coating  of  the  binding  material  is  spread  over 
each  layer  of  broken  stone,  is  sometimes  harrowed  in,  and  the 
roller  is  then  used. 

The  use  of  these  materials  as  a  "filler"  is  neglected  in  the 
name  now  applied  to  them,  "  binding  materials."    The  real  reason 
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for  their  use  at  all,  by  most  ensiiucers,  is  that  they  assi-^t  in  pro- 
ducing' a  quick  consolidation,  less  rolling-  being-  required  tiian  when 
they  are  omitted,  of  which  the  use  of  such  materials  as  clay,  loain 
and  street  scrapings  is  in  evidence. 

Of  these  materials  as  a  "  binder  "  the  only  one  winch  receives 
the  full  approbation  of  the  most  reliable  engineers,  is  screenings — 
the  fine  chips  and  dust  produced  in  crushing.  There  is  a  quality 
possessed  by  this  material  wdiich  is  exhibited  bv  no  other,  that  of 
cementing  and  re-cenienti)ig.  This  is  a  matter  which  of  recent 
yeais  has  attracted  much  attention,  and  the  (piality  of  a  stone  as  a 
load  material  is  not  to  be  judged  merely  by  its  hardness  :nnl  tough- 
ness; but  also  by  the  cementing  qualities  of  the  dust.  This  dust 
is  an  im|Hirtant  factor,  it  is  supplied  to  the  road  in  the  first  in- 
stance, it  is  constantly  being  created  by  the  use  of  the  road.  It  is 
in  this  way  that  limestone  holds  its  place  as  a  good  road  metal,  for 
wdiicfi  it  is  a])t  to  be  soft.  The  dust  possesses  splendid  cementing 
(|ualities  making  one  of  the  nio^t  impermeable  road  surfaces.  The 
dust  of  trap  rock,  ranks  exceedingly  well  in  this  regard,  which 
supplementing  the  hardness  and  toughness  of  the  stone,  makes  it 
the  most  satisfactoiy  for  road  purposes.  On  the  other  hand, 
granite,  while  hard  and  tough  is  Tacking  in  cementing  power,  and  is 
not  as  satisfactory  as  might  be  anticipated.  (}uartzite  also  is  an 
instance  of  a  poor  cementing  stone,  and  sandstone,  unless  bitu- 
minous, is  also  defective  in  this  regard.  So  important  is  this 
(juality  considered  by  the  Massachusetts  Highway  Commission, 
that  they  regularly  test  the  stone  used  on  the  State  roads  for  the 
cementing  ])Ower  of  the  stone  dust,  together  with  t(>sts  for  absorp- 
tion, impact  and  abrasion. 

Tiie  use  of  foreign  material,  that  is,  all  exce]">t  stone  dust,  was 
strongly  condemned  by  Mr.  McAdam;  in  France,  wdiere  road- 
making  is  more  exactly  studied  than  elsewhere,  it  is  universally 
condemned,  and  the  best  practice  of  all  countries  forbids  it.  Clay, 
loam,  and  even  sjind,  it  is  recogniized.  can  only  be  used  at  the  ex- 
jtense  of  the  durability  of  the  road.  They  assist  in  producing  an 
apparently  go(,d  roadbed  with  the  least  amount  of  rolling,  but  the 
bond  is  temporary,  very  subject  to  changes  of  weather,  i)articularlv 
wet  weather,  and  alternate  freeziui:  and   thawinii,  matters  which 
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have  to  be  carefully  ouarded  ai>ainst  in  this  climate.  When  foreiji'ii 
''  binders  "  are  used,  there  is  lackina'  in  the  road  the  finn  mechanical 
inter-lockine;  which  continued  r<)llini>-  will  produce;  thev  lack  the 
bindinii'  ]iroperties  of  stone  dust;  most  of  them  are  very  absorbative 
of  moisture,  are  even  slipi)erv,  so  that  the  stones  are  readilv  di- 
placed  bv  traffic,  and  a  roughened  and  rutted  surface  ensues.  In 
the  time  of  a  prolonoed  draught,  foreig-n  binding-  materials  are  most 
ready  to  contract,  so  that  there  is  a  tendency  for  the  road  to  unravel. 
The  conclusion,  therefore,  which  we  come  to  is,  that  for  lx)nd- 
ing  and  iuter-locking  a  broken  stone  road,  first  dependence  should 
l)e  placed  u])on  the  roller.  For  what  it  will  not  do  in  filling  th.e 
voids,  the  dust  and  chips  created  in  crushing  the  stone  should  be 
employed,  bringing  with  them  an  added"  cementing  value;  foreign 
material,  such  as  sand,  clav  or  loam,  can  be  includecl  in  the  roadbed 
only  at  the  expense  of  ultimate  durability. 


EXPLORING   NEW    ONTARIO. 


Alexander  H.  Smith. 


During  the  last  session  of  the  Ontario  Legislature,  a  scheme 
was  evolved  for  the  exploration  of  unsurveyed  lands  north  of  the 
Canada  Pacific  Railway  line,  for  infonnation  as  regards  the  soil, 
timber,  and  mineral  resources.  For  the  purpose  a  sum  of  $40,000 
v/as  voted;  and  during  the  summer  ten  parties  were  organized  to 
do  this  work.  Eight  of  these  were  simply  exploratorv  parties,  the 
other  two  ran  base  lines  as  well  as  explored. 

The  exploration  parties  consisted  of,  in  each  case,  a  land 
sur^'eyor,  a  timber  and  land  estimator,  a  geologist,  a  cook,  and  men 
to  act  as  guides  and  canoemen.  The  surveyor  controlled  and 
directed  the  work  of  the  whole  party,  he  also  made  a  track  sur\'ey 
of  the  principal  rivers  and  lakes  in  the  region,  took  notes  on  the 
meteorological  phenomena  and  acquired  infonnation  a?  to  the 
soil  and  forest  growth,  the  fish,  fauna  and  flora. 

The  duties  of  the  timber  and  land  estimator  wore  to  note  the 
kinds  of  forest  trees  and  their  dimensions,  estimating  tb.eir  extent 
and  the  quaiitity  in  feet  B.  j\r.  or  in  cords  as  the  case  might  be.  He 
also  had  to  note  how  such  timber  could  be  transported,  and  if  the 
streams  were  capable  of  floating  such  timber.  As  regards  the  land; 
he  had  to  note  the  soil  whether  sandy,  clayey,  etc.,  and  its  capacity 
for  growing  crops,  and  of  what  kind. 

The  geologist  took  cognizance  of  the  general  topography  of 
the  country,  its  rivers,  lakes,  hills,  and  valleys,  the  rock  foiniiations, 
whether  Laurcntian,  Iluronian,  or  of  later  age;  mapping  their 
strike  (if  any),  direction  of  contacts,  and  length  and  breadth  of 
formation,  where  such  could  be  made.  Of  necessity  his  chief  work 
was  to  discover  if  the  fonnations  yielded  any  economic  minerals, 
and  to  determine  the  kind  and  richness  of  such.  Another  branch 
of  his  work  was  to  examine  the  fauna  and  flora  aiul  the  Indian 
occupation. 
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The  three  officers  of  each  party  were  required  to  keep  careful 
field  notes  as  well  as  diaries,  and  their  whole  object  was  to  collect 
as  jnucli  useful  information  as  possible  on  the  country  that  came 
under  their  notice.  The  region  was  so  mapped  out  that  the  whole 
of  it  might  be  examined  in  one  season,  each  party  having  a 
distinct  territory  to  work  in. 

•  Early  in  June  I  was  informed  by  Mr.  Archibald  Blue,  Direc- 
tor of  tlie  Bureau  of  Mines,  that  I  had  been  appointed  Geologist 
to  exploration  party  No.  8.  This  party  had  the  region  immediately 
to  the  west  of  Lake  Xepigon,  and  the  Xepigon  river  to  Dog  lake, 
up  Gull  river  and  the  country  around  Black  Stm'geon  lake. 
David  Beatty,  O.L.S.,  of  Parry  Sound,  Avas  in  charge,  while  John 
Piche,  of  Copper  Cliff,  was  to  act  as  timber  and  land  estimator. 
Towards  the  end  of  June  our  party  met  at  CoUingwood  and  pro- 
ceeded to  Port  Arthur  by  boat  thence  east  to  Nepigon  Station  on 
the  C.P.R.,  where  v,c  started  our  work.  During  the  c-reater 
part  of  the  season  our  party  consisted  only  of  eight  men,  two  of 
them  being  University  of  Toronto  men  who  were  anxious  to  see 
this  grand  country  and  try  their  prentice  hands — and  heads— at 
the  noble  arts  of  paddling,  and  ''  totting  "  supplies  across  rough 
trails  and  portages. 

Our  outfit  consisted  of  four  canoes,  two  Peterboroughs  and 
two  small  barks;  four  tents  and  two  tons  of  provisions,  the  esti- 
mate that  was  made  in  regard  to  the  latter,  being  a  pound  and  a 
half  each  of  flour  and  pork  a  man  per  day.  Of  course  other  sup- 
plies were  taken,  such  as  sugar,  raisins,  rice,  etc.,  this  amount  of 
provisions  was  calculated  to  last  us  about  five  months;  only  half  the 
supplies  were  taken  up  to  Lake  Xepigon,  where  we  started  o\u- 
work,  the  other  half  being  stored  at  Xepigon  Station. 

Owing  to  a  hitch  in  the  forwarding  of  our  supplies  to  Xepigon 
Station,  our  party  was  imable  to  proceed  up  the  river  for  a  number 
of  days,  so  I  accepted'  the  kind  invitation  of  Mr.  "Walter  Beatty. 
M.P.P.,  to  accompany  him  on  a  tnp  to  the  east  side  of  Lake 
Xepigon  to  look  at  some  mineral  deposits  he  had  seen  there  yenrs 
before.  By  this  I  escaped  the  disagreeable  wait  at  Xepigon.  Mr. 
Beatty  also  arranged  to  send  me  across  Lake  Xepigon  so  that  T 
could  join  my  party  at  Gull  river. 
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On  the  way  up  the  river,  we  were  fortunate  enough  to  catch 
a  number  of  the  large  speckled  trout  that  make  this  region  the 
most  wonderful  trout  fishing  ]3lace  in  the  world. 

Mr.  Bcatty  was  rewarded  in  his  search  by  finding  a  large 
deposit  of  hematite,  which  I  measured  in  a  number  of  places  and 
found  to  be  over  a  hundred  feet  wide.  The  iron  is  banded  with 
jasper  and  appears  to  be  Avholly  in  the  Huronian  formation,  the 
lead  running  for  a  number  of  miles  east  and  west.  Since  Mr. 
Beatty's  discovery,  there  has  been  a  regular  stampede  of  local  men 
into  the  region  and  numerous  claims  have  been  taken  up,  and 
other  ranges  parallel  to  it  discovered.  While  on  the  east  side  of 
Lake  Nepigon  I  saw  what  is  known  as  the  Shuniah  silver  mine, 
near  Poplar  Lodge.  This  deposit  appears  to  be  a  green  quartzite, 
containing  native  silver  and  galena.  During  my  stay  on  the  east 
shore  I  managed  to  get  about  sixty  miles  inland,  and  was  thus 
able  to  see  that  the  country  was  well  wooded  with  good  spruce. 

T  should  not  be  at  all  surprised  if  valuable  mines  are  opened 
up  in  tliis  region  when  means  for  transportation  arc  found.  T  be- 
lieve there  is  a  charter  for  an  electric  railway  into  this  coiuitrv, 
the  power  for  operating  it  to  be  procured  from  the  Xepigon  river. 
The  Sturgeon  river,  the  largest  flowing  into  Lake  Nepigoii,  is 
quite  close  to  the  iron  range,  and  is  capable  of  producing  a  large 
amount  of  power  when  required. 

Leaving  Poplar  Lodge,  II.  B.  Co.  post,  on  the  east  side,  arid 
after  an  all  day  and  night's  tnp  with  two  Indians  across  I.ake 
Nepigon  I  reached  i^^epigon  House,  the  Hudson's  Bay's  chief  post 
on  this  lake.  This  trip  shows  how  large  a  lake  this  is,  as  ihe  In- 
dians kept  steadily  at  work,  only  resting  now  an<l  again  to  eat. 
The  lake  in  fact  is  about  80  miles  long  by  fifty  broad ;  the  water  is 
beautifully  clear  and  very  deep,  and  simply  teems  with  speckled 
and  lake  trout,  white  fish,  pickerel,  pike  and  sturgeon.  From 
Nepigon  House  another  half  day's  trip  brought  me  to  Gull  river, 
where  I  joined  my  ]iarty. 

Our  method  of  exploring  was  this;  the  sun'rn^^r  made  a  track 
survey  of  all  waterconrses  t^iken;  this  he  did  with  a  prismatic  com- 
pasa  and  a  Rochon  micrometer,  generally  using  a  ten  link  target. 
The  disks — which  wcn^  cellnloid — were  one  foot  in  dianietrr,  one 
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red  and  the  other  Avhite.  For  short  distances  a  small  disk  was 
attached  to  the  centre  of  the  pole,  thiLs  giving  a  five  link  base; 
for  very  sliort  distances  one  disk  itself  answered.  With  this  target, 
distances  of  a  mile  could  be  estimated  with  considerable  accuracy, 
and  a  traverse  of  a  lake  or  river  could  be  made  very  rapidly,  often 
seven  or  eight  miles  of  crooked  river  being  surveyed  in  one  day. 
The  track  survey  was  checked  by  taking  frequent  observations  for 
latitude  and  also  for  magnetic  variations,  in  this  way  a  fairly  accu- 
rate map  of  the  country  covdd  be  obtained.  This  work  generally 
employed  five  men,  two  for  the  disk  canoe  and  two  for  the  sur- 
veyor, supplies  were  moved  in  the  canoas  used  for  the  traverse. 

The  timber  estimator  and  myself  made  numerous  explorations 
to  the  right  and  left  of  tlu;  track  survey  at  distances  of  about  five 
miles  apart,  walking  inland  five  or  six  miles  and  very  often  remain- 
ing away  from  the  camp  all  night.  In  these  exydorarions  <»ur 
method  was  to  take  a  straight  compass  line  and  time  ourselves;  we 
estimated  that  our  progTess  was  one  mile  an  hour  in  a  straight  line; 
a  good  day's  work  being  ten  or  twelve  miles:  now  and  again  we 
used  to  take  our  blankets  and  provisions  and  walk  inland  all  day. 
camping  for  the  night,  and  returning  the  next  day.  In  this  way  a 
good  idea  of  tbe  country  on  each  side  of  the  water  route  was 
obtained. 

j\.ny  side  water  route  that  we  had  not  time  t<»  suiwey  would 
be  explored  by  either  the  timber  estimator  or  myself,  taking  for 
this  purpose  an  Indian  as  guide.  Distances  were  estimated  either 
by  eye,  or  timing,  and  conqiass  readings  taken,  outlines  of  lakes 
and  rivers  being  carefully  majipcd  in  the  Held  book.  For  the  pur- 
]x>se  of  these  explorations  our  party  was  supplied  with  a  iCay 
Taffrail  log,  an  instrument  very  much  like  a  trolling  spoon  in 
shape,  tied  to  a  long  line.  This  spoon  while  revolving  set  in  mo- 
tion a  register  which  registered  the  miles  travelled.  [ Unfortunately 
the  first  day  I  used  it,  a  large  pike  mistook  it  for  something  good 
to  eat  and  proceeded  to  bend  the  fianges  of  the  spoon,  and  as  the 
gauge  for  straightening  them  had  not  been  sent,  the  instrument 
was  practically  useless.  Another  drawback  to  the  instrument  was 
the  indicator,  which  refused  to  work  after  registering  ten  miles. 

These  canoe  explorations  sometimes  led  us  long  distances  in- 
land, taking    three    or    i'our    days,  and    often    a    W( ck.   to    com- 
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pletc;  and  it  was  often  very  difficult  to  calculate  the  exact  amount 
of  provisions  to  carry  with  one.  Of  course  every  unnecessary 
thing  was  left  behind,  and  only  the  absolute  necessities  taken.  Un- 
fortunately I  was  unable  to  speak  Indian  very  well,  so  wlien  I 
left  the  main  party  I  had  to  take  two  Indians,  as  I  found  out  that 
with  only  one  I  was  always  in  danger  of  having  to  turn  back,  as 
he  would  get  very  lonely  and  be  afraid  to  venture  farther  inland, 
with  two  Indians  they  would  keep  each  other  company,  and  as  long 
as  they  had  enough  to  eat  they  seemed  quite  happy. 

Tlie  equipment  for  three  men  on  one  of  these  explorations, 
constisted  of  pork,  flour  and  tea,  three  tea  tins,  a  pail,  frying  pan, 
blankets,  and  a  canvas  tarpaulin  for  a  tent.  All  through  the  sum- 
mer we  never  used  a  tent  except  when  with  the  main  party;  the 
bulkiest  part  of  our  equipment  would  be,  of  course,  our  blankets. 
We  generally  depended  on  shooting  enough  partridge  and  ducks  to 
help  out  the  other  provisions,  and  with  these  additions  we  were 
always  able  to  cut  down  our  supply  of  pork  and  flour.  Some  sur- 
prisingly accurate  work  was  done  with  only  estimated  distances; 
three  explorations  I  made  between  two  fixed  points  showed  an  error 
of  only  a  couple  of  miles  when  the  ex]iloration  was  plotted, 
although  the  distance  travelled  was  very  long,  in  one  case  about 
ninety  miles.  Two-  common  errors  can  exist,  first  an  inaccurate 
compass  reading;  and  second  a  wrong  estimation  of  the  distance,  but 
I  found  out  that  these  errors  had  a  happy  faculty  of  compensating 
each  other.  In  this  work  all  portages  were  paced,  allowing  about 
twenty-five  paces  to  the  chain.  It  must  not  be  thought  that  these 
side  explorations  were  in  any  way  correct,  but  they  will  be  of  some 
value  to  the  further  opening  up  of  this  country,  as  they  will  show 
fairly  accurately  a  large  number  of  canoe  routes,  the  number  and 
length  of  portages,  and  the  general  direction  taken  by  the  route. 

Much  valuable  information  was  tluis  procured  as  regards  tini- 
ber,  land,  and  the  geological  formations. 

In  calculating  the  amount  of  timber  in  the  region  explored, 
the  method  the  timber  estimator  used  was  to  pace  off  an  average 
acre,  estimate  the  average  diameter  of  the  trees  and  counting  them, 
this  was  rather  a  tedious  process,  but  then  a  fairly  accurate  deter- 
mination of  tli^  timber  in  the  region  was  procured.     The  number 
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of  each  variety  of  tree  was  noted,  and  their  suitability  for  eitlier 
lumber,  pulp  wood  or  railroad  ties.  The  timber  consisted  of 
spruce,  jack  pine,  poplar,  white  birch,  tamarac,  balsam,  and  occa- 
sional scattered  groves  of  red  and  white  pine  and  white  cedar. 

The  character  of  the  soil  was  noted  by  the  exposures  seen 
under  the  roots  of  freshly  fallen  trees,  or  by  the  exposures  alonfj 
the  banks  of  small  streams. 

The  areas  and  depths  of  any  peat  deposits  were  noted,  an  idea 
of  the  depth  being  obtained  by  means  of  a  pole. 

Outside  the  general  work  of  exploring  and  mapping  out  tlie 
country,  the  geologist  was  required  to  get  a  general  idea  of  the 
topography  of  the  region,  the  main  and  subsidiary  water  sheds, 
the  heights  of  mountains  and  hills,  which  he  estimated  by  means 
of  an  aneroid,  two  of  which  were  earned  by  the  party. 

Four  series  of  rocks  were  met  with  in  the  region  explored  by 
party  No.  8.  The  Laurentian,  Huronian,  Keweenawan  and  Ani- 
mikie.  Roughly  mapping  these,  the  Laurentian  area,  which  was 
gneiss  as  a  rule,  is  around  Dog  lake.  Keweenawan  formation 
immediately  to  the  west  of  Lake  Xepigon  and  Xepigon  river,  the 
Animikie  along  l^epigon  bay  and  west  along  Lake  Superior,  while 
numerous  areas  of  Huronian  rocks  were  noted  at  the  headwaters  of 
the  Gull  river.  The  rocks  of  this  latter  series  being  schists  and 
porphyroids. 

Dr.  Robert  Bell  of  the  Canadian  Geological  Suiwey  calls  the 
Keweenawan  series  of  rocks  the  Xepigon  series.  This  formation 
consists  of  the  following  rocks  in  ascending  order,  white  grits,  red 
and  white  sandstones,  with  conglomerate  beds,  the  pebbles  being 
mostly  jasper  in  a  sandy  matrix  of  different  colors;  comi^act  ar 
gillaceous  limestones,  shales,  sandstones,  and  red  indurated  marls, 
red  and  white  sandstones  and  red  and  white  conglomerates,  inter- 
stratified  with  diabase  layers.  These  are  covered  by  an  enornitnis 
amount  of  trap]iean  overflow  crowning  the  formation,  this  overflow 
gives  a  singularly  wild  and  weird  aspect  to  the  country;  high,  flat- 
topped  hills  or  ridges,  rising  with  sheer  cliffs  along  the  shores  of 
Lake  Xepigon  and  inland,  making  a  strikingly  odd  landscape. 

The  rocks  of  the  Animikie  (which  by  the  way  means  thunder, 
named    after    Thunder    Bay    district),    are    represented  by  (1) 
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j^'eenish  arciiaeesons  coiiiilomerates  with  pebbles  of  quart/.,  jasper 
and  slate;  (2)  thinly  bedded  clinrts,  mostly  of  a  dark  colour  with 
argillaceous  and  dolomitic  beds;  (3)  black  and  oray  shales,  ^dih 
sandstone  and  ferrn.iiinons  dolomitic  bands,  tooether  with  layers 
and  intrusive  masses  of  diabase. 

I  have  named  and  classified  these  rocks  rathcn-  fully,  as  they 
are  of  much  importance  in  this  district  owing  to  the  economic 
minerals  associated  with  them. 

Every  oiio  has  heard  of  the  Silver  Islet  mine  near  'Ihunder 
Cape,  This  mine  is  in  the  Animikie,  together  with  a  great  many 
other  mines  that  have  been  worked  with  considerable  profit. 

By  far  the  greatest  region  J  explored  is  covered  with  the 
Keweenawan  series,  but  it  is  not  so  extensive  as  is  shown  on  the 
geological  maps  of  that  region.  And  it  is  encroached  on  by  the 
Laurentian  from  the  west  and  also  by  a  considerable  area  of  Lauren- 
tian  gneisses  around  Black  Sturgeon  lake.  This  formation  yields 
lead,  iron  and  cojjpcr.  It  is  to  the  ifoii  tliat  I  wish  to  refer  more 
particularlv.  Two  iron  deposits  wci'e  found  in  the  Keweenawan 
region,  one  on  the  cast  side  of  Black  Sturgeon  lake,  and  another 
to  the  north-east  of  Dog  \akc.  Tliesc  deposits  are  large  and  con- 
sist of  very  good  hematite,  l^ndoulitedly  with  further  prospecting 
more  iron  will  be  found.  The  iron  appears  (dose  to  the  contact 
between  the  Laurentian  and  Keweenawan  foiniations.  Xumerous 
lead  and  copper  deposits  have  been  found  in  this  series  of  rocks, 
and  as  there  is  an  extensiv*^^'  area  of  them  in  the  district  I  explored, 
I  am  sure  that  new  and  valuable  finds  will  be  made  when  the 
country  is  opened  up. 

Evidently  the  liuronian  areas  travelled  over  are  not  baiTcn, 
as  I  picked  up  a  piece  of  ])vrrhotit('  in  this  region  that  assayed 
0.75%   nirkcl   and  a  trace  of  copper  and  silver. 

Large,  deposits  of  beautiful  marble  are  reported  to  be  in  the 
interior  of  this  region,  ami  sam]iles  have  been  brought  out  but  T 
was  unable  to  see  them.  Some  of  the  sandstones  and  impure  dolo- 
mites would  make  splendid  building  st(uie,  while  rlu'  whole  world 
could  b(^  supplie<l  with  the  very  best  road  material  in  the  shape  of 
the  tough  fine  grained  traps  that  are  found.  A  v(m*v  peculiar  thing 
in    this   formation   is   the  oeeiu'rence   of  biine   springs,   whiidi   are 
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found  ill  niinierors  places,  the  salt  can  bo  seen  in  the  bottom  of 
them  in  the  shape  of  Avhite  gi'ains.  In  former  years  the  Indians 
used  to  get  their  supply  of  salt  fi"om  these  springs. 

The  chief  (luestion  is  M'hat  will  this  country  be  oofxl  for.  1 
do  not  Ijclieve  that  more  than  twenty-five  per  cent,  of  the  land  is 
fit  for  cultivation,  as  the  soil  is  too  sandy  and  rocky,  but  there  arc 
patches  of  splendid  land  that  could  be  cultivated.  Ciood  root  crops 
could  be  grown  and  the  hardy  kinds  of  grain.  The  other  seventy- 
five  per  cent,  is  taken  up  by  lakes,  rocky  hills  and  muskeg,  the 
latter  affording  a  large  amount  of  first  class  peat. 

AYith  the  exception  of  a  few  patches  of  burn  the  whole 
country  is  covered  with  a  healthy  growth  of  timber.  This  district  T 
believe  was  once  a  hirge  white  pinery  but  has  been  bnnit  over  aiul 
replaced  by  other  mixed  conifers  as  the  jack  pine,  spruce  and  balsam; 
evidences  of  this  are  to  be  seen  all  over  the  country  in  lar.sc  scatter- 
ed pin(>  on  the  remains  of  dead  ones.  T^nless  mirseries  are  started 
as  proposed  by  the  forestry  commission  this  country  ^^^ll  never 
be  a  Avhite  pine  country.  As  regards  the  spruce  there  is  a  tremen- 
dous quantity  and  this  will  be  a  i>reat  asset  to  the  count rv;  when 
we  consider  that  "  a  cord  of  wood  manufactured  into  cheap  news- 
paper may  be  valued  at  $40,  but  would  only  be  worth  $7  sawed 
into  lumber"  also  the  manufacturina"  of  wood  pulp  and  the  sawing 
of  lumber  could  be  canned  on  in  this  district  economically,  owina- 
to  the  water  power  to  be  found  close  at  hand,  providing  that  rail- 
way communication  could  be  got.  As  regards  the  other  timber, 
large  tamarac  is  to  be  found  in  the  district,  this,  next  to  rock  elm 
and  oak,  makes  the  best  boat  building  material.  Unfortunately 
wooden  l)oats  are  no  longer  built,  but  for  piles  and  railroad  ties  and 
lumber  this  timber  should  be  very  \  ahial)le.  Undoubtedly  the  jack 
])ine  will  find  a  place  as  a  marketable  tree  some  day.  At  present 
it  IS  re])resented  as  the  most  worthless  tree  we  have  got.  Never- 
theless it  does  make  good  pul]>  and  railroad  ties.  So  we  are  forced 
to  look  on  this  wood  as  of  some  value.  Taking  the  district  as  a 
whole  the  timber  represents  the  most  valuable  asset.  At  present, 
near  the  Canada  Pacific  Railroad,  numerous  ])uli)  woml  camps  an- 
operating,  employing  over  six  hundred  men,  the  pulp  wood  being 
shipped  to  the  United  States  and  Canadian  manufactories. 
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What  Lake  Xepigon  and  the  Xepigoii  river  is  chiefly  noted 
for  is  its  wonderful  s]3eckled  trout  fishing;  people  travel  for  miles 
to  enjoy  a  couple  of  weeks  fishing  on  this  beautiful  river.  Ameri- 
cans are  forced  to  pay  about  $25  license  for  the  privilege  of  fisliirg, 
while  people  in  Ontario  pay  $5.  During  the  summer  months  this 
river  swarms  with  disciples  of  Isaac  Walton,  and  the  Indians  derive 
a  considerable  income  by  acting  as  guides  and  canoemen. 

As  the  pulp  wood  industry'  develops  care  should  be  taken 
that  the  fish  in  this  river  are  protected  and  not  killed  out  by  the 
debris  and  rubbish  which  follows  the  using  of  a  river  for  driving 
purposes  and  has  caused  so  much  harm  to  other  rivers  where  fish 
were  to  be  found.  The  protection  of  the  fish  in  this  lake  and  river 
should  not  be  treated  lightly,  and  strong  efforts  should  be  made 
to  keep  it  clear  and  free  from  any  filth  that  is  likely  to  kill  the  fish. 
A  larger  income  can  be  derived  from  selling  licenses. 

I  have  mentioned  the  prospects  for  mining  development  in  this 
country,  nothing  definite  can  be  said  till  further  exploration  is 
carried  out. 

Another  asset  to  the  country  is  the  fur  trade.  At  present  the 
Hudson  Bay  Company  -with  a  few  rival  companies  control  the 
whole  output.  This  region  at  one  time  was  very  rich  in  fur-bcarin<2- 
animals,  but  they  are  getting  fewer  in  number  and  the  trade  is 
nothing  as  compared  to  twenty  years  ago.  The  caribou,  moose  and 
black  bear  are  to  be  found,  but  are  not  plentiful.  All  the  common 
animals  are  found,  such  as  tbe  beaver,  mink,  otter,  etc. 

The  rivers  in  the  district  are  rapid  as  a  rule,  with  manv  falls, 
and  as  a  number  of  them  have  a  considerable  volume  nnd 
steadiness  of  flow,  no  great  difficulty  would  be  found  in  finding 
numerous  places  where  power  plants  could  be  installed. 

I  have  spent  four  summers  in  other  parts  of  !N'ew  Ontario, 
and  have  tried  to  observe  carefully  any  natural  resources  that  may 
come  under  my  notice.  Although  Thave  seen  better  districts  along 
the  height  of  land  farther  east  than  this  region,  as  regards  timber, 
soil  and  game,  yet  taking  it  as  a  whole,  I  believe  this  country  will 
prove  of  great  value,  not  perhaps  as  a  farming  country,  but  rather 
as  a  lumbering,  mining  and  game  country.  It  will  never  be  thickly 
populated,  but  still  men  will  be  able  to  derive  wealth,  if  not 
great  fortunes,  by  the  development  of  its  natural  resources. 


RATIO    OF   THE    CYLINDERS    OF   A    COMPOUND  'ENGINE   AND 
WHAT  TAKES  PLACE  IN  THEM. 


By  Wm.  Hemphill,  Grab.  S.P.S. 


In  taking  up  the  subject  of  the  compound  engine  or  a  steam 
engine  of  any  kind,  some  authorities  consider  that  practically 
everything  is  kno^vn  about  the  engine,  but  I  will  endeavour  to 
show  that  we  have  something  to  learn  and  prove  about  the  expan- 
sion of  steam  and  the  ratio  of  the  volumes  of  the  h.  p.  and  1.  p. 
cylinders. 

I  will  assume  I  have  a  compound  engine  before  me  all  ready 
running,  and  I  will  first  explain  what  takes  place  when  the  st-eam 
enters  the  cylinder  and  follow  it  throughout  the  stroke.  For  this 
I  will  not  assume  any  given  ratio  between  the  volumes  of  the  h. 
and  1.  p.  cylinders,  but  that  expansion  takes  place  in  each  cylinder. 
For  unifoiTii  action  it  would  be  better  to  have  the  engine  ininniiig 
a  short  time,  all  parts  being  thus  warmed  up,  so  that  cold  metal  will 
not  interfere  with  any  suppositions. 

When  the  steam  enters  the  h.  p.  cylinder  from  the  steam 
chest  it  is  at  a  certain  pressure  and  the  corresponding  temperature ; 
it  may  also  be  considered  saturated.  Just  as  the  valve  opens  to 
allow  the  first  portion  of  the  steam  to  enter  the  h.  p.  cylinder,  the 
cylinder  and  the  piston  are  at  a  lower  temperature  than  the  enter- 
ing steam,  so  some  of  the  steam  is  immediately  condensed,  and 
this  continues  until  the  cylinder  becomes  the  temperature  of  the 
entering  steam,  i.e.,  the  portion  of  the  cylinder  between  the  piston 
and  the  end  of  the  cylmder  that  is  open  to  the  live  steam.  The 
piston  is  pushed  forward  to  the  point  of  cut-off  and  now  the  steam 
commences  to  expand  and  continues  expanding  until  the  point  of 
release  is  reached.  During  this  expansion  the  pressure  of  the  steam 
decreases,  consequently  its  temperature  lowers;  but  the  stean^. 
contained  a  certain  amount  of  heat  when  it  entered  the  cylinder, 
so  if  we  had  a  perfect  engine  from  which  no  heat  could  enter  or 
escape,  the   heat  liberated   by  the  fall  of   temperature  caused  by 
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lower  pressure,  would  be  taken  up  in  the  steam  which  would  be 
superheated  duriuo-  expansion,  and  the  steam  that  was  condensed 
at  the  first  part  of  the  stroke  would  be  evaporated  again,  but  as 
we  have  not  an  ideal  engine  to  work  with,  we  do  not  get  such  per- 
fect results.  The  heat  that  is  liberated  bv  the  fall  of  temperature 
is  partly  used  in  heating  the  cylinder  walls  as  the  piston  moves  out, 
exposing  new  portions  of  the  walls  to  the  steam,  some  of  which 
heat  may  be  used  in  re-evaporating  the  water  caused  by  initial  con- 
densation. In  fact  this  seems  to  be  reasonable,  for  in  working  out 
tests  we  find  as  a  rule  a  little  more  steam  in  the  cylinder  at  release 
than  at  cut-off.  Now  release  occurs  and  the  steam  is  exhausted 
into  a  receiver  or  the  1.  n.  steam  chest.    Durinc;  exhaust  the  steam 
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is  superheated  owing  to  the  large  (iiuinlity  of  heat  that  is  liberated 
by  the  drop  in  ])rcssiuv.  Then  the  1.  p.  cylinder  takes  the  steam 
from  the  receiver  and  it  is  still  further  expanded  until  release 
occurs  and  the  steam  is  exhausted  into  the  condenser  or  air, 
according  as  the  engine  is  condensing  or  non-condensing.  Xow 
with  this  rough  idea  of  what  takes  ]>lace  during. the  strok(\  T  will 
follow  it  out  more  particularly. 

By  following  a  method  known  as  llirn's  Analysis  w(>  can 
determine  the  work  done  in  thermal  units  for  different  i^arts  of  the 
stroke.  In  Fig.  1  the  portions  of  the  stroke  are  indicated  bv  the 
i=aibscri]>t  letters,  thus  a  for  admission,  b  for  expansion,  c  for  ex- 
haust, d  for  compression.     Then — 

Va  ^  volume  in  cu.  ft.  described  by  ]iiston  during  admission. 
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Vb  =  volume  in  cu.  ft.  described  by  piston  during  expansion. 

Vc  =  volume  in  cu.  ft.  described  by  piston  during-  exhaust. 

Vd  =  volume  in  cu.  ft.  described  by  piston  during  compres- 
sion. 

Vo  =  volume  in  cu.  ft.  of  clearance  space. 

V  =  whole  volume  displaced  by  piston. 

Let  the  work  done  in  thermal  units  by  the  steam  during  the 
several  portions  of  the  stroke  be  represented  by  T  ^vith  its  appro- 
priate subscript,  thus — 

Ta  =  work  done  during  admission  ==  area  ep'mko  in  B.  T.  U. 

Tb  =  work  done  during  expansion  =  area  l&nnsk  in  B.  T.  U. 

To  =  work  done  during  exhaust  =  area  h  g  p  s  h.in  B.  T.  IT. 

Td  ^^  work  done  (hiring  compression  =  area  e  f  g  h  e  in  M. 
T.  U. 

Ta  +  Tb  =  absolute  work  done  by  steam  =  area  ep'muse. 

(Ta  +  Tb) — (Tc  -f  Ta)  =  net  area  of  indicator  diagram. 

The  quantities  of  heat  in  thermal  units  exchanged  between 
the  steam  and  the  metal  are  represented  by  areas  Ra,  E,b,  Re, 
Rd,  the  areas  being  drawn  to  the  same  scale  as  the  work  diagram. 

Ra  =^  heat  exchanged  between  metal  and  steam  during  adm." 

Rb  ==  heat  exchanged  between  metal  and  steam  diu-ing  exp." 

Re  =  heat  exchanged  between  metal  and  steam  during  exh.'' 

Rd  =^  heat  exchanged  between  metal  and  steam  during  comp." 

E  =  heat  lost  by  external  radiation. 

Q  =  the  quantity  of  heat  supplied  to  cylinder  per  stroke  by 
admission  steam. 

Q^  =  the  quantity  of  heat  supplied  from  jacket. 

Q  +  Q^=  total  heat  supplied. 

Let  M  lbs.  =  weight  of  wet  steam  admitted  per  stroke,  of 
which  Mx  is  diy  steam,  and  M  (1 — x)  is  weight  of  water  present 
in  steam.  Let  also  the  weight  of  steam  retained  in  the  cleai*ance 
space  each  stroke  =  Mg.  (The  actual  weight  of  this  steam  may 
be  measured  knowing  the  pressure  g  at  beginning  of  compression.) 
Then  the  heat  Q  required  to  raise  ^f  lbs.  of  water  from  32°  F.  to 
its  temperature  of  admission,  and  to  evaporate  the  T>ortion  Mx  is 
Q  =  M(h  -f  xL)  \h  is  sensible  heat  L  =  latent  heat  of  steam]. 
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For  superlieated  steam  heated  from  normal  temperature  tn 
of  saturated  steam  to  temperature  ts — Q  =  M  [h  +  L  +  .48  (ts  — 

tu)]- 

The  internal  heat  of  the  steam  in  clearance  space  at  com- 
mencement of  con^])rcs5ion,  assumins^  the  steam  dry=Mg;  (hg+lg). 
Where  Mg,  hg,  ]g  represent  weiglit,  sensible  heat,  and  inter- 
nal heat  at  ]n-essure  and  volume  at  point  g  on  the  diagram  Fig.  1. 
The    internal    heat    at   cut-oti  =  ( M  +  Mg)    (hm  -f  ^m  /jn\), 
Avhere  ^m  =  dry  steam  fraction  on  the  diagram. 
The  internal  heat  at  end  of  expansion — 

=  (M  +  Mg)  (hn  +  ^n  pm) 
and  siniilai-lv   for  tlio  other  points  of  the  cycle. 

Xow  to  find  the  heat  Ea.  'IMic  heat  supplied  is  Q,  the  heat 
in  the  cylinder  at  admission  is — 

Mf  (hf  +  xf  pi) 
the  work  done  is  Ta;  and  the  heat  remaining  in  the  steam  at  cut- 
off is  (M  +  Mg)  (hm  -f  xm  pm).     Then— 

Q  +  Mf  (hf  +  xf  pf       1a  +  Ea  +  (M  -^  Mg)  (hm  +  xm  pm). 
from  this  can  find  Ea  as  all  other  quantities  known. 

To  find  El).  The  heat  in  the  steam  at  the  end  of  exjiansion 
is  (M  +  Mg)  (hn  +  xnpn);the  exteneral  work  is  Tb,  the  heat 
present  at  beginning  of  expansion  is  (M  +  Mg)  (hniH-xmpm). 
then — 

(:\r  -f-  Mg)  (hm  +  xm  piu)  =  Tb+  Eb  +  CM  +  Mix) 
(hn  +  xn  Pn). 
from  which  El)  may  ho  determined. 

To  find  Re.  The  heat  in  the  steam  at  end  of  expansion  is 
(M  +  Mg)  (hn  +  xnpn):  the  Avork  done  upon  the  steam  during 
exhaust  is  Tc;  the  heat  in  the  steam  at  beginning  of  coniitression, 
assuming  the  steam  at  compressicm  dry:  is  ^Ig  +  xg  ^Jgl. 

To  determine  the  heat  rejected  to  the  condenser  must  be  do^ne 
■  by  a  test  of  the  engine,  and  weighing  the  steam  condensed  in  a 
given  time,  and  dividing  this  weight  l)y  the  nnndK'r  of  strokes 
made  by  the  engine  in  that  time.  This  will  give  the  weight  of 
steam  IM  exhausted  ]ier  .stroke.  Then  M  ]h^.  of  steam  Ix'come 
water  at  temperature  t.  The  heat  in  this  condensed  steam  is  now 
Mht.     The  heat  carried  away  by  the  condensing  wat(M-  ecpials  the 
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Aveiglit  of  condensing  water  W  per  stroke  multiplied  by  its  increase 
of  temperature  in  passing  through  the  condenser  =  W  (ti — ta). 
Then  :— 

(M  +  :Mg)  (lin  +  xn  pn)  +  Tc  =  Re  +  Ml.t  +  W 
(t,  —  t,)  +  Mg  (hg  +  xgPj;. 
from  which  Re  may  be  obtained. 

To  find  the  heat  Rd.  The  intenial  heat  in  the  steam  at  be- 
ginning of  compression  is  Mg  (hg  +  xgp^).  Then  work  is  done 
upon  it  =  Td  during  compression ;  and  the  internal  heat  of  the 
steam  at  end  of  compression  is  ^H  (hf  +  ^^  P^ '•  tiien — 

]\[g  (hg  -\-  xg  pg)  +  Td  =  ]\If  (hf  +  xf  pi)  +  Rd. 
from  which  Rd  may  be  found.     This  applies  to  one  cylinder,  by 
taking  the  other  indicator  card  this  may  be  applied  tu  the   1-p. 
cylinder. 
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AVo  are  now  in  a  position  to  follow  the  diagram  of  Figs.  2 
and  ;>,  and  follow  the  action  in  the  cylinder  on  other  lines  than 
heat  units. 

To  do  this  it  will  bo  more  satisfactory  to  assume  some  definite 
proportions,  let  the  ratios  of  the  cylinders  be  1:2;  the  cut-off  in 
the  l.p.  cylinder  to  be  constiint  at  .5  of  stroke  and  to  enclose 
a  volume  at  cut-off  equal  to  the  volume  of  the  h.]i.  cylinder.  Then 
the  distribution  of  power  between  the  cylinders  may  be  shown  by 
Fig.  2,  in  which  I  assuineil  hyjierbolic  expansion.  In  practice  this 
diagram  would  be  subject  to  a  number  of  changes,  but  it  illustrates 
in  a.  very  satisfactory  way  various  results  in  a  com]iound  engine. 
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Take  cut-off  at  .25  of  the  stroke  in  the  h.p.  cylinder  and  at 
an  initial  pressure  p,  sho\vn  on  Fig.  2,  the  steam  expands  along 
a  b  until  it  reaches  the  pressure  ps  =  PiX  .25  neglecting  clearance 
(this  is  also  the  pressure  in  the  receiver).  The  work  diagram 
of  the  h.p.  cylinder  equals  area  pi  abps,  and  of  the  l.p.  cylinder 
the  area  p-  befo,  point  b  being  the  cut-off  in  the  l.p.  cylinder. 

Suppose  now  we  make  the  cut-off  in  the  h.  p.  cylinder  at 
.5  of  stroke,  then  nearly  twice  the  weight  of  steam  is  supplied 
per  stroke,  and  the  steam  at  release  is  at  a  higher  pressure  than 
when  cut-oft"  occurred  earlier.  Call  this  pressure  p^  as  shown  on 
Fig.  2,  and  the  pressure  of  the  receiver,  p^,  is  the  back  pressure 
on  the  h.p.  piston  and  the  fonvard  ])ressure  on  the  l.p.  piston  to 
the  point  of  cut-off  at  n  now,  and  the  work  diagram  is  now  given 
by  the  areas  pi  gnp^  and  p^  nhfo  by  the  small  and  large  cylindei-s 
respectively.  A  glance  at  fig.  2  shows  the  difference  in  the  work 
by  changing  the  point  of  cut-off  in  the  h.]").  cylinder;  it  shows  a 
marked  increase  in  work  for  the  l.p.  piston,  while  the  h.p.  work 
is  practically  the  same. 

Thus  we  find  to  increase  the  power  of  the  engine  we  liaAO 
to  increase  the  per  cent,  of  cut-off,  but  the  larger  share  of  the 
increased  power  comes  from  the  1  p.  cylinder;  while  Avith  early 
cut-off  and  low  power  the  larger  share  of  the  work  comes  from 
the  h.p.  cylinder.  And  as  this  power  can  be  decreased  to  a  mini- 
mum, the  power  of  the  l.p.  cylinder  may  be  reduced  to  zero. 

ISTow  consider  the  effect  of  throttling  the  steam  supply  Avith 
the  same  ratio  of  cylinders,  and  cut-off  fixed  in  both  cases  at  .5  of 
stroke  without  "  drop."  The  initial  pressure  was  pi  before  and  let 
it  be  throttled  to  p^  =  Ipi.  Then  in  fig.  2,  the  distribution  of 
Avork  is  seen  as  area  po  sbps  for  the  h.p.  cylinder  and  p.,  befo  for 
the  l.p.  cylinder.  This  shows  the  work  area  for  tlie  l.p.  cylinder 
the  same  for  steam  throttled  as  with  high  pressure,  with  cut-off  a1 
.25  of  stroke,  but  the  work  area  in  the  h.p.  cylinder  is  much  less, 
when  the  steam  is  throttled,  giving  a  less  satisfactory  distribution 
of  power  between  the  cylinders  for  throttling  than  having  cut-off 
earlier.  It  shows  that  theoretically,  thi'ottling  to  a  pressure  p-j  is 
/ess  economical  than  changing  the  cut-off  from  .5  to  .25  with  con- 
stant initial  pressure,  for  in  both  cases  the  same  weight  of  steam 
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is  exhausted  per  stroke,  i.e.,  the  l.p.  cylinder  volume  at  pra<5sure 
f  e,  though  with  throttling  the  useful  work  area  is  reduced  by  the 
area  pi  asp2.  This  theoretical  gain  would  not  all  be  realized  in 
the  actual  case  owing  to  cylinder  condensation  with  an  early  cut- 
off. 

Another  way  of  remedying  the  unequal  distribution  of  power 
between  the  cylinders  is  by  having  a  variable  cut-off  in  the  l.p. 
cylinder.  Let  us  take  the  cylinder  ratios  1:4  and  cut-off  in  each 
cylinder  at  half  stroke,  and  let  pi  bcdps  fig.  3,  be  the  work  area 
of  the  h.p.  and  pa  efga  the  work  area  for  the  l.p.  cylinder.  Now 
change  the  cut-off  in  the  l.p.  from  .5  to  .25  of  the  stroke;  then 
the  work  areas  will  be  changed,  the  h.p.  being  pi  bcpa  and  the 
l.p.,  Pi  cfga.  Conversely  if  the  cut-ofF  in  the  l.p.  be  made  later 
then  the  work  area  in  the  h.p.  will  be  increased,  and  decreased  in 
the  l.p.  cylinder. 

In  the  above  methods  the  effect  of  the  receiver  between  the 
cylinders  was  not  taken  into  account.  In  the  majority  of  com- 
pound engines  a  receiver  is  placed  between  the  cylinders  to  re- 
ceive the  exhaust  steam  from  the  h.p.  cylinder  and  to  give  it  to 
the  l.|i.  cylinder.  This  receiver  often  takes  the  form  of  :i  pipe 
and  the  valve  chest.  (The  above  has  reference  to  a  cross-com- 
pound engine.) 

Xow  if  this  area  were  indefinitely  large,  the  back  pressure 
line  of  the  h.p.  and  the  forward  pressure  of  the  l.p.  cylinder, 
would  bo  each  a  horizontal  straight  line.  In  practice  the  receiver 
voluTiio  is  from  1^  to  several  times  the  volume  of  the  h.p.  cylinder. 
The  efi'ect  of  the  restricted  volume  of  the  receiver  is  to  make  the 
back  pressure  line  of  the  high  and  the  admission  line  of  tlic  low- 
pressure  diagram  irregTilar. 

The  receiver  volume  is  made  as  small  as  possible  to  avoid 
radiation  of  heat,  but  space  is  an  important  factor  to  consider 
in  the  size  of  the  receiver.  The  effect  of  a  small  receiver  is  t*^ 
increase  the  small  cylinder's  back  pressui'e  and  to  increase  the 
initial  pressure  of  the  large  cylinder.  Sometimes  an  increase  in 
pressure  occurs  in  the  l.p.  cylinder  towards  the  point  of  cut-ofF, 
which  is  caused  by  the  h.p.  cylinder's  exhaust  pa.ssing  into  the 
receiver  before  cut-oft'  has  taken  place  in  the  low. 
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In  designing  an  engine  it  is  usual  to  get  the  diameter  of  the 
l.p.  cylinder  first,  and  then  the  diameter  of  the  h.p.  cylinder  de- 
pends on  a  number  of  conditions,  but  the  main  obiect  is  to  have 
the  power  evenly  divided  between  the  two  cylinders.  After  look- 
ing through  a  number  of  catalogues,  I  find  the  ratio  of  the  volumes 
of  the  cylinders  range  from  l:2i,  1:3,  and  1:4,  rarely  higher,  or 
the  diameter  of  the  l.p.  cyhnder  is  twice  that  of  tlie  h.p.  cylinder 
minus  two.  Xcarly  all  the  manufacturers  cling  to  this  idea  of 
ratios,  which  later  on  I  will  endeavor  to  show  is  an  error  in  the 
point  of  economy  in  the  engine. 

5         Op         b     ^'  A  0' 
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Let  us  now  construct  a  diagram  which  will  sln>\v  the  piston 
displacement  in  a  compound-engine.  To  do  this  it  is  necessary 
to  assume  ratios  of  cylinders,  clearance  and  receiver  volumes  for 
a  given  compound-engine.  By  this  diagram  it  will  be  ]iossible 
to  follow  the  steam  through  the.  engine,  and  it  illustrates  tlie 
changes  of  volume  and  pressure  between  the  ]i()ints  of  entc^ring  anil 
leaving  the  cylinder. 

In  fig.  4,  horizontal  lines  are  lines  of  \olniiie,  and  vertical 
lines  are  divided  into  portions  of  a  revolution.  Then  let  aO  = 
volunio  of  h.]>.  clearance  (Cli);  05  =  volume  of  h.]i.  pist(»n  dis- 
])laccnumt  (Vr);  ab  ^  volume  of  receiver  (U);  1)5'  =  vohmie  of 
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l.p.   clearance   (CI);   and   50' =  volume   of  l.p.   piston  displace- 
ment (VI). 

On  the  lines  05  and  0'5'  draw  semicircles  representing  half  a 
revolution  of  the  crank-pin  and  diA-idc  it  into  any  number  of 
equal  parts,  say  five.  On  the  vertical  line  to  the  left  of  fis:.  4, 
set  oft"  ten  equal  parts  representing-  parts  of  a  revolution.  The 
diagTani  sliown  is  for  one  and  a  half  revolutions.  The  cranks  are 
assume<l  at  rioht  ancles,  when  the  h.p.  piston  is  at  beginnins:  of 
stroke  O  and  the  1.]).  piston  is  at  centre  of  stroke  Iv.  Through 
the  points  on  the  vertical  line  numbered  1,  2,  3,  etc.,  draw  hori- 
zontal lines,  let  these  intersect  the  vertical  lines  drawn  through 
the  numbers  on  the  semicircle,  the  intersection  of  these  lines  for 
the  corresponding  number  gives  a  point  on  the  "  curve  of  piston 
displacement."'  Obtain  a  number  of  these  points  for  both  cylinders 
and  the  curves  can  be  swept  in  as  shown.  The  different  grades 
of  hatching  show  the  volumes  in  the  cylinder  as  admission  to  h.p. 
cylinder,  expansion  in  h.p.  cylinder,  etc.  It  is  easily  seen  from 
the  figure  all  these  points  and  also  the  connection  between  the  two 
cylinders.  The  h.p.  clearance  Oa  is  fii-st  filled  with  steam  at 
initial  pressure,  and  the  steam  is  continued  to  the  point  of  cut- 
off at  half  stroke,  and  volume  in  cylinder  =  de.  The  steam  is 
then  expanded  to  nearly  the  end  of  the  stroke,  when  the  exhaust 
port  opens,  and  at  f  the  steam  passes  into  the  receiver.  Now  the 
exhaust  side  of  the  h.]).  cylinder  and  the  receiver  are  in  communi- 
cation, as  show7i,  until  the  l.p.  steam  port  o]x^ns  at  h.  Here 
the  volume  of  the  steam  =  gh.  At  m  the  h.p.  exhaust  port  is 
closed,  and  compression  begins.  At  the  i)oint  r  in  the  l.p.  piston 
cut-off  takes  place  and  the  steam  expands  to  volume  st.  This  dia- 
gram can  be  applied  to  the  indicator  diagrams  of  compound  engine.^ 
as  shoA\m  fig.  5. 

This  figure  shows  the  piston  displacement  curves  for  cranks 
at  right  angles,  the  theoretical  indicator  diagram  of  the  h.p.  cylin- 
der being  drawn  below  the  h.p.  ]uston  curve,  and  the  l.p.  indicator 
diag^-am  l)elow  tlie  l.p.  curve.  The  initial  pressure  is  known,  and 
ifl  set  up  from  the  zero  line  of  pressure.  Tn  the  diagram  cut-off 
occurs  at  .4  of  stroke  in  the  h.p.  cylinder,  and  as  th(^  initial  pv 
is  known,  all  other  points  in  the  cycle  may  ho  d(<tcrmined,  ass\im- 
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ing  hyperbolic  expansion.  In  the  following  equations  the  sub- 
scripts refer  to  the  figures  on  the  portions  of  the  diagram  represent- 
ing the  theoretical  indicator  diagram.  Thus  Vo  =  volume  of 
steam  at  point  3,  measured  from  beginning  of  stroke,  i.e.,  from 
vertical  line  Oa  and  to  the  left  in  the  h.p.  diagram,  and  from 
vertical  line  through  B  and  to  the  right  in  the  l.p.  diagram. 
When  the  exhaust  side  of  the  h.p.  cylinder  is  in  communication 
with  the  l.p.  cylinder,  then  the  volume  including  that  of  the 
receiver,  is  given  by  the  horizontal  intercept  between  the  lines  of 
piston  displacement. 

For  this  diagram  it  may  be  assumed  that  pv  =  a  constiuit, 
then: — 

Px  (Vi  +  Ch)  =  p,o  +  CI), 
from  which  ttie  terminal  pressure  is  obtained,  and  the  point  of 
cut-off  in  the  l.p.  cylinder  being  known,  then — 

Po   (V«  -h  CI)  =  pxo   (Vao  +  CI), 

from  which  pg  or  the  pressure  at  cut-off  in  the  l.p.  cylinder,  and 
therefore  the  pressure  in  the  receiver  at  that  time  is  known. 

Then  the  pressures  at  all  other  points  may  be  obtained  by  the 
following  equations: — 

Referring  to  the  theoretical  diagrams  in  the  lower  ]->art  of 
fig,  5,  then  for  the  h.p.  cvlinder 

Pi    (Vi  +  Ch)  =  V2    (V2  +  Ch). 

At  point  2  the  steam  exhausts  and  mixes  ^vitli  that  in  the 
receiver,  which  is  at  some  pressure  pg  previously  calculated. 
P2  (v2  +  Ch)  +  pg  R  =  p3  (V3  -hCh-f  R). 

But  din-ing  the  return  of  the  h.p.  piston,  so  long  as  the  l.p. 
cylinder  is  not  open  to  receive  steam,  the  volume  enclosed  I<  for 
the  moment  reduced,  hence  the  pressure  rises  to  p4  until  the  l.p. 
valve  opens  the  port  to  steam,  when  the  pressure  instantly  falls 
to  ps,  then — 

Pa    (v.  +  Ch  +  R)  =r  p,    (V,   +  Ch  +  R). 

When  the  l.p.  valve  opens  to  steam,  the  receiver  steam  mixes 
with  that  in  the  clearance  space  of  the  l.p.  cylinder;  thus — 

P4  (v,  +  Ch  -f  R)  +  p,.  CI  =  p.-.  (v,  +  Ch  +  R  +  CI). 

This  action  continues,  and  meanwhile  the  l.p.  piston  is  mov- 
ing forward  and  increases  the  displacement,  causing  the  pressure 
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to  fall  to  pc  when  the  li.p.  exhaust  valve  closes,  and  compression 
begins  in  the  li.p.  cylinder;  then — 

P5  (V3  +  Oh  +  R  +  CI)  =  pe  (vc  +  Ch  +  K  +  CI  +  V,). 
where  Vg  is  the  volume  displaced  bv  the  l.p.  piston  from  the  be 
^nning  of  its  stroke,  and  which  volume  may  be  measured  by  the 
horizontal  intercepted  between  the  lines  of  piston  displacement, 
as  shown  by  the  dotted  projectors.  The  back  pressure  ])ii  in  the 
l.p.  cylinder  is  fixed — 

(p,,  CI)  =  pxx  (v,3  +  CI). 

The  same  principles  may  be  further  extended  to  represent 
changes  in  any  number  of  cylinders  takino-  two  at  a  time.  In  fie;. 
5  the  h.p.  diaoTam  is  shown  dotted  over  the  1.\).  diaoram  to  show 
more  clearly  the  relation  between  them. 

In  what  I  have  said  so  far  on  the  compoTuid-ensjine  it  was  not 
necessary-  to  take  into  account  the  ratios  of  the  A'olume  of  the 
h.  and  l.p.  cylinder;  all  the  assumptions  that  were  made  were 
very  limited,  as  I  only  wanted  to  show  what  took  place  in  the 
cylinders,  to  follow  the  steam  throui>h  the  stroke,  illustrating  it 
by  diagrams,  and  also  how  the  work  was  divided  u]),  giving  the 
latter  in  heat  units  as  well  as  work  units.  It  is  now  my  intention 
of  dealing  with  the.  ratios  of  the  volumes  of  the  cvlinders.  and 
endeavor  to  show  that  it  is  an  error  in  assuming  that  everything 
is  now  authoritatively  settled  about  the  design  of  the  steam  engine 
which  seems  to  be  the  prevailing  idea  in  the  minds  of  those  who 
write  text-books  on  thermodynamics  and  heat  engines,  altlutngh 
in  a  general  way  this  idea  may  be  accepted  as  true,  for  the  steam 
engine  of  James  Watt  considered  as  an  automatic  mechanism  was 
not  different  in  any  essential  particular  to  what  we  have  to-day. 
The  fact  of  cylinder  condensation  Avas  known  then  although  not 
understood  to  the  extent  that  it  is  to-da\-. 

A  great  many  compound  corliss  and  maniie  engines  have  been 
built  in  the  last  twenty  or  thirty  yeai-s,  but  only  in  the  last  eight 
or  ten  years  has  anything  been  known  experimentally  of  the  uKxst 
economical  volumes  of  cylinder  ratios.  AVe  see,  as  I  memioiietl 
before,  that  in  Europe  and  America  the  ratios  run  from  1 :1.  I'he 
reason  of  this  is  the  fact  that  an  engine  so  pro]iortioii(^(l  avoids 
more  than  a  very  slight  "drop  "  in  pressure  from  that  at  the  end 
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of  expansion  in  the  sniallor  cylinder  to  the  pressure  at  cut-off 
in  the  larc;(!  cylinder,  with  reasonable  ratios  of  expansion  in  each. 
When  "  drop "  occnrs  it  is  because  free  expansion  takes  placx^', 
causetl  by  the  sndden  enlargement  of  the  vohime  of  the  steam 
withont  doing-  work  against  a  piston.  As  this  "  drop  "  is  not  rever- 
sible in  the  idea  of  a  cycle  it  is  considered  loss.  Since  the  time 
of  Watt's  invention  the  steam  pressure  has  been  increasing,  but 
no  change  has  been,  made  in  the  ratios  of  the  cylinders.  So  far  as 
I  can  leani  Carl  Busley,  Professor  at  the  (iennan  Iniy)erial  Aca- 
demy at  Kiel,  is  the  only  authority  who  would  change  the  ratios 
of  the  cylinders  in  compound  engines  for  different  steam  pres- 
sures.    He  gives  the  following  ratios: — 

Pounds  per  sq.  in.  60  90  105  1l>0 

Eatio  1:3        1:4        1:4.5        1 :,"» 

Professor  Ewing  is  veiy  positive  in  his  statement  that  care 
should  be  taken  not  to  allow  free  expansion  into  the  receiver  a^ 
*'  drop  "  occurs  which  would  be  shown  on  an  indicator  diagram  by 
a  sudden  fall  at  the  end  of  the  h.p.  expansion.  All  these  state- 
ments about  "  drop  "  being  wasteful  were  assumed,  no  one  taking 
the  trouble  to  perform  experiments  to  prove  the  supposition.  It  is 
true  that  "  drop  "  is  wasteful,  but  I  think  the  effect  of  allowing 
this  "  drop  "  can  be  utilized  to  make  ''  drop  "  a  gain  in  the  end. 
The  "drop'"  I  refer  to  must  not  be  mistaken  for  the  (h-op  caused 
by  sudden  radiation  or  condensation,  but  that  resulting  from  inter- 
mediate expansion,  although  it  looks  as  if  authorities  put  the  two 
together  under  the  same  head.  In  D.  K.  Clark's  Rules,. the  fol- 
lowing discussion  occurs  on  the  influence  of  "  drop." 

"  That  the  work  of  expanding  steam  is  to  be  calculated  from 
the  ex])ansion  upon  a  moving  piston  only  is  obvious  enough  when 
it  is  considered  that  the  steam  may  expand  into  an  intennediate 
receiver,  and  into  intermediate  ])assages,  Avith<»ut  doing  any  work 
on  a  ])ist()n,  whilst  at  the  same  time  the  pressure  falls  or  drojis 
as  the  volume  is  enlarged.  Under  these  circumstances  the  second 
cylinder  receives  the  steam  at  a  lower  ]U'essure  and  in  larger  volume 
than  it  has  when  there  is  no  internuMliate  ex]ian>ion  and  fall  of 
pressure,  and  there  is  less  work  done,  Avliilst  the  ratio  of  a«'tive 
expansion  i-^  necessarily  re<luc('d.     If  the  second  cylinder,  however. 
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be  enlarged  in  capacity  in  ])roportion  to  tlie  enlargement  of  tlie 
vohime  of  steam  and  the  fall  of  the  pre&iure  by  intermediate 
expansion,  the  ratio  of  expansion  and  the  work  done  in  it  would 
remain  the  same."  These  quotations  considered  by  themselves 
would  commit  Clark  to  the  common  belief  that  "  drop  "  produced 
by  intermediate  expansion  causes  a  serious  waste.  He  goes  a  little 
farther  in  the  right  direction  than  others  have  done,  however, 
in  the  suggestion  that  the  waste  occasioned  by  '"  drop  "  may  be 
balanced  by  enlarging  the  second  cylinder ;  but  he  does  not,  in  this 
immediate  connection,  draw  attention  to  the  fact  that  the  loss  in 
pressure  of  the  receiver  steam,  due  to  the  practice  of  taking  more 
steam  by  volume  from  the  receiver  than  it  gets  from  the  h.p. 
cylinder  is  accompanied  by  an  increase  of  work  in  the  h.p. 
cylinder.  By  this  the  back  pressui*e  in  this  cylinder  is  reduced 
and  at  the  same  time  the  initial  pressure  in  the  l.p.  cylinder. 
Therefore  the  loss  occasioned  by  receiver  expansion  is  much  less 
than  Clark  implies  in  his  quotation,  and  if  high  boik-r  pressures 
are  used  with  a  moderate  amount  of  "  drop  "  this  loss,  even  from  a 
thermodynamical  point  of  view  is  quite  insignificant.  Let  us  now 
consider  the  causes  of  "  drop  "  and  the  advantages  that  accom- 
pany its  moderate  use. 

There  are  two  causes  of  '-  drop."  The  first  is  intermediate 
expansion.  When  more  steam  by  volume  leaves  the  receiver  than 
is  put  into  it  per  stroke  (assuming  no  steam  made  or  condensed 
in  the  rccoivcr\  the  receiver  pressure  must  be  less  than  the  pres- 
sure in  the  h.j).  cylinder  at  release.  The  other  cause  of  "  drop  "  is 
cylinder  condensation  and  clearance  in  the  l.p.  cylinder.  If  a 
receiver  compound  engine  had  neither  clearance  or  condensation 
in  the  l.p.  cylinder,  there  might  still  be  any  amount  of  ''  dro]:» " 
if  the  cut-ofi"  on  that  cylinder  were  lengthened  enough.  Again, 
if  the  cut-oft"  were  adjusted  just  right  to  prevent  any  '*  drop  "  in 
such  an  engine,  and  the  cylinder  had  the  usual  amoiint  of  clear- 
ance and  condensation,  a  "  drop  "  of  from  12  to  15  pounds  might 
result.  Even  this  could  be  prevented  by  making  the  cut-off  earlier 
in  the  stroke.  Therefore  it  is  seen  that  cut-off  may  be  a  cause  or 
a  coiTective  of  "  drop."  But  the  point  of  cut-off  is  <lependent  on 
considerations  other  lliiin  its  effect  on  drop.     It  would  bo  df«irable 
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to  liave  the  cut-off  occur  late  in  the  stroke  were  it  not  for  the  loss 
of  excessive  free  expansion,  as  this  would  reduce  the  ranoe  of  tem- 
perature of  the  l.p.  cylinder  walls,  and  would,  therefore,  reduce 
the  loss  from  initial  condensation  in  this  cylinder. 

It  is  easily  seen  from  the  foregoing  that  unless  the  best  point 
of  cut-off,  chosen  with  reference  to  the  ^\•p.ste  by  initial  condensa- 
tion happens  to  coincide  "\\dth  that  particular  point  at  which  "  drop  '' 
would  be  entirely  prevented,  a  compromise  must  be  made  between 
the  gain  by  lengthening  cut-off  and  the  loss  by  free  expansion. 
This  does  not  have  to  be  done  in  cylinder  ratios  of  1:3,  but  it  is 
necessary  for  larger  ratios  as  1:6  or  1:7.  If  "drop"  is  accom- 
panied by  a  reduction  of  initial  condensation  in  the  large  cylinder, 
in  amount  sufficient  to  overbalance  the  waste  of  power  by  inter- 
mediate expansion,  it  is  at  least,  no  detriment  to  the  coal  con- 
sumption to  allow  that  much  "  drop."  This  "  drop  "  is  considered 
very  useful  in  plants  driving  a  varied  load,  as  it  allows  a  widely 
variable  cut-off  in  the  second  cylinder  Avithout  either  looping  at 
the  end  of  expansion  in  the  first  cylinder  or  materially  changing 
the  receiver  pressure. 

After  dealing  at  some  length  with  intenuediate  expansion  it 
M'ould  be  well  to  consider  some  of  the  general  theory  of ^  the  com- 
pound engine.  We  will  assume  the  proposition  that  the  highest 
economy  to  be  obtained  in  an  engine  of  any  type  is  the  result  of 
two  conditions — using  a  volume  of  steam  at  the  highest  possible 
pressure  and  expanding  it  the  greatest  number  of  times.  But  v.-e 
find  both  the  pressu.re  and  expansions  are  limited  by  practical 
circumstances;  the  pressure  by  the  increase  in  cost  of  boilers  and 
piping,  while  the  ratio  of  expansion,  by  the  increase  in  waste  due 
to  cylinder  condensation,  friction  and  repaii-s.  All  the  authorities 
appear  to  agree  that  there  is  a  minimum  number  of  expansions 
allowable  in  each  cylinder.  This  number  is  between  four  and 
five.  But  in  an  engine  with  cylinder  ratio  1:3,  practically  no 
"  drop  "  will  occur,  and  custom  has  limited  the  number  of  expan- 
sions for  such  an  engine  to  12  or  possibly  15.  A  steam  pressure 
of  115  pounds  for  such  an  engine  gives  the  best  result  as  to  econ- 
omy. A  higher  pressure  would  enable  the  engine  to  do  more 
work,  but  the  number  of  expansions  remaining  the  same  the  steam 
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consumption  would  not  Le  atfected.  Xow  if  liiglier  i^ressures  are 
going-  to  be  used  with  the  idea  of  improving  the  economy,  it  would 
be  necessary  to  add  another  cylinder  so  that  increased  expansion 
could  take  ]ilace.  The  average  ])ress\ire  for  triple  (expansion  en- 
gines is  from  150  to  100,  and  even  higher;  but  with  the  usual 
ratio  of  cylinders — 1:2.75  :6.5 — the  nuuiber  of  expansions  in  each 
cylinder  would  be  much  less  than  that  given  above-  The  reason 
of  this  is  that  150  pounds  pressure  is  not  cnoiigh  to  permit  the 
larger  number  without  developing  too  little  ])res8ur(  at  release 
in  the  l.p.  cylinder. 

Xow  in  the  tYi])\c  expansion  engine  we  have  increased  the 
engines  from  two  to  thive,  as  a  compound  engine  really  consists 
of  two  engines,  each  recjuiring  the  same  nnnil»er  of  i):irts  and  the 
same  equipment  all  through.     To  this  we  have  added  the  third 
which  will  increase  the  cost  of  the  engine,  an  important  item  in  the 
majority  of  cases.     The  volume  of  steam  in  the  li.)).   cylinder  is 
expanded  from  that  volume  to  the  volume  of  the  l.p.  cylinder;  it  is 
not  done  direct  but  through  the  intennediate  cylinder,  but  amounts 
to   the  same  thing  in   the  end.     Xow  for   mill   engines   and   all 
stationary  plants  1  think  that  this  increased  expansion  could  take 
place  in  the  two  cylinders  instead  of  three.     In  fact  1  tind  for 
stationary   work  the  com])Ound  engine  is  preferred  to  the  triple 
expansion  engine.     Xow  I  think  if  the  ratio  of  the  cylinders  in 
the  compound  engine  were  increased  to  1:7  or  1:8,  and  perhaps 
even  greater  for  mill  work,  or  any  stationary  work,  the  economy 
in  fuel  would  be  nearly  if  not  quite  equal  to  the  triple  expansion 
engine.     The  only  way  to  ]n*ove  this  is  to  perform  a  number  of 
tewts  on  each  kind  of  engine,  i.e.,  the  tri]>le  ex])ansion  and  a  com- 
pound engine  of  different  cylinder  ratios,  some  large   and  some 
small.     I  do  not  say  that  the  com]iound  engine,  with  large  ratios, 
will  prove  the  more  economical   with   regard   to  fuel   and   water 
su])]>ly,  but  if  the  ])ressures  in  oiwh  case  are,  say  ISO,  it  will  hold 
a  very  high  place. 

T  will  now  give  n  few  results  of  some  tests  Avith  regard  to 
fiiel  and  water,  that  have  been  obtained  by  competent  men  on 
compound  engines  using  the  ordinaiw  ratio  of  the  vi.lume  of  cylin- 
ders.    One  of  the  large  ratio  T  have  considered  above,  aho  a  triple 
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expausioii  engine.  The  results  will  speak  for  themselves,  and  I 
think  the  large  ratio  for  compound  engines  "will  soon  be  taken  up 
more  favorably,  and  mil  take  the  place  entirely  of  the  triple  ex- 
])ansion  engine,  although  I  think,  in  marine  work,  the  triple  expan- 
sion engine  should  be  retained,  if  only  for  mechanical  reasons. 
So  far  as  I  can  leani  I  think  there  have  been  only  a  few  of  these 
engines  made  with  the  large  ratio  for  the  cylinders.  These  were 
made  by  the  American  Wheelock  Engine  Company,  and  all  but 
two  surpassed  the  makers  guarantee  for  fuel  and  water  supply. 
Test  1. 

Kind  of  engine — Cross-compound  Wheelock  engine,  made  by 
Goldie  A:  McCulloch,  Gait,  Ont. 

Katios  of  cylinder,  volumes  l:o.4. 

Steam  pressure,  lbs.   82.5. 

I.  H.  P.  239. 

Coal  per  I.  11.  P.  hr.  1.0. 

Water  per  I.  H.  P.  i)er  hr.  17.2  lbs. 
Test  2. 

Kin<l  of  engine — Tandem-compound,  four  valve  type,  made 
by  liussel  Engine  Co.,  Massillon. 

Ratios  of  cylinder  volumes  1:4.3- 

Steam  pressure  IGO  lbs. 

T.  H.  P.  each  engine  300. 

Coal  per  I.  H.  P.  per  hr.  2.55  lbs. 

Water  per  I.  H.  P.  ix-r  hr.  15  lbs. 
Test  3. 

Kind  of  engine — Cross-compound,  made  by  Anun'icau  Wheel- 
ock Engine  Co. 

Ratios  of  cylinder  volumes  1:7.2. 

Steam  pressure  140  lbs. 

Cut-off  h.p.,  .287  of  stroke;  l.p..  .236  of  stroke. 

T.  IT.  P.  050. 

Voal  per  T.  TT.  P.  per  hr.  LIS  lbs. 

Water  per  T.  IT.  P.  per  hr.  11.80  lbs. 

Test  4. 

T\ind  of  engine — Allis  triple  exp.nnsion  ]uunpinir  engine. 
;          Ratios  of  cylinder  volumes  1 :2C    'Al. 

Steam  pressure  185  lbs. 
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I.  H.  P.   750. 

Coal  per  I.  H.  P.  per  lir.  1.02  lbs. 
Water  per  I.  H.  P.  per  lir.  10.48  lbs. 
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Fig.  6  is  a  copy  of  some  indicator  cards  taken  from  the  cnc'ine 
while  Test  3  was  goino-  on.  The  cards  are  very  good  and  there 
is  nothing  to  indicate  in  the  l.p.  cards  that  the  increased  volume 
is  detrimental. 
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C.  G.  Carmichael.  '01. 


While  comparisons  between  the  meter  and  contract  systems 
are  no  longer  necessary,  the  choice  of  a  meter  is  an  important  con- 
sideration: Shall  it  be  an  ampere  meter  registering  the  current,  or 
a  wattmeter  registering  the  energy?  To  answer  this  let  ns  ex- 
amine effects  of  voltage  on  a  16  candle  power,  3.1  watt  incan- 
descent lamp.  A  variation  in  voltage  of  3%  from  normal  is 
quite  common,  but  the  2%)  variation  given  in  Table  1,  is  quite 
sufficient  for  our  purpose. 

Table  1. — Effects  of  voltage  on  a  IG  C.  P.,  3.1  watt  incan- 
descent lamp,    formal  voltage  100. 


Voltri. 

Candle  p'w'r 

Watts  per 
Candle 

Amperes 

Total  Watts 

98 

14-40 

3-33 

0-485 

47-5 

99 

15-20 

3-21 

0-492 

48-8 

100 

16-00 

3  10 

0-496 

49-6 

101 

16-96 

3  00 

0-504 

50-8 

102 

17-92 

2-91 

0-512 
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Suppose  the  Electric  Light  Co.  is  able  to  dispose  of  its  power 
at  the  low  rate  of  10  cents  per  kilowatt  hour.  Erom  Table  1,  we 
seo  that  a  16  C.  P.,  3.1  watt  lamp  at  normal  voltage  takes  0.496 
amperes.  Since  an  ampere  meter  is  calibrated  from  an  indicating 
wattmeter,  the  voltage  being  kept  constant  at  normal  for  this  case 
a  rate  of  10  cents  per  K.  W.  H.  is  same  as  1  cent  per  ampere  hour. 
Also  here  a  rate  of  10  cents  per  K.  W.  H.  is  same  as  0.031  cents 
per  candle  power  hour. 

We  can  now  deduce  the  following  tabic  of  charges  per  lamp 
hour,  according  to  above  three  methods. 
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Table  2. — Charge  per  lamp  hour. 


Voltaoe 


Charge  per  lampjCharge  per  lampl^^^^^^^^^P'^^;; J^^g^l^ 

hour  at  10  cents  hour  at    Ic  per  ■,, 

jr    ,,,    u  1  per  candle  pow  r 

K.   W.   H.      ampere    liour.  i^  ^ 


per 


hour. 


98 

0-4751C 

0-485C 

— — 

0-4464C 

99 

0-4880 

0-492 

0-4712 

100 

0-4960 

0-490 

0-4960 

101 

0  5088 

0-504 

0-5258 

102 

0-5220 

()-512 

0-5555 

I 

It  can  thus  be  seen  that  when  A'oltage  is  below  normal  the 
ampere  meter  records  more  power  than  is  used,  and  when  voltage 
is  above  normal  this  same  meter  records  less  power  than  is  actually 
consumed.  Apparently  it  might  therefore  be  argued  that  it  would 
pay  to  use  ampere  meters  and  keep  the  voltaiie  low.  But  any 
Electric  Light  Co.  could  soon  tell  you  how  many  customers  it 
would  have  at  the  end  of  a  year  were  it  to  supply  onlv  14  C.  P. 
and  charge  for  10  C  P. 

Now    consider    the    customer.     lie    wants    so    much  light. 

Virtually  he  wants  to  pay  so  much  per  candle  power  hour.    Say  he 

is  a  merchant   and  in  a  year    he  uses    200  sixteen  candle  power 

lamps  for  500  hours  or  100,000  lamp  hours.     From  Table  2,  his 

lighting  bill  is  found. 

For  a  voltage  (tf  98 — - 

By  Wattmeter  his  bill  would  be $47r».lO 

By  Ampere  Meter  his  bill  would  be 485.00 

His  just  bill  at  0.031  cents  per  C.  P.  hour  is 440.40 

That  is  Ampere  Meter  charges  him  too  much  by  $;>8.00,  and 

Wattmeter  too  much  by  $28.70,  that  is  Wattmeter  is  more  nearly 

con-ect  by  $9.90. 

For  a  voltage  of  102 — 

By  Wattmeter  his  bill  would  be • .  .  .$:.22.00 

By  Ampere  Meter  his  bill  would  be 512.00 

And  his  just  bill  at  0.031  cents  per  C.  P.  hour  is.    555.50 
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NAME 


Br-v_AsK  ) 

Left-hand  field  coiIk 


NAME 

x-^  Record  irvS  mechanisn-i. 
( 

I         . (Top   bearir-K^  p''-'^^ 

I       I 

I       I      ^-^  Brass    clsnnp  for 


Lead  \A/ire  insulation  v 
Insulation  for  caOe 

resi€.tsir\ce    leads  i - 

Rioht- hand  terminal  board)-'' 

rjewel  liftino   rvv_it ) 

Fio.   1. 


armgti.ire  leewsis 

meter  oo'i-'crG 

Jovvol  Ciorctvs 

«Jevyel    check  nuit 
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That  is  by  registration  of  current  the  merchant  is  charged  too 
little  by  $43.50,  and  by  registration  of  energy  too  little  by  $33.50, 
again  showing  a  difference,  of  $10-00,  in  favour  of  the  AVattmeter. 

The  first  requirement  essential  to  a  perfect  recording  meter  is 
therefore  registration  of  energy  and  not  current,  one  of  its  factors. 
A  meter  must  be,  simple  and  durable;  able  to  resist  tampering  and 
independent  of  atmospheric  conditions;  independent  of  frequency 
and  inductive  circuits  and  must  be  adaptable  to  either  direct  or 
alternating  cuiTent. 

I  will  attempt  a  brief  description  of  the  Thomson  Recording 
Wattmeter.  In  Fig.  1  is  shown  a  5  ampere,  220  volt  meter,  the 
connections  being  shoAvn  in  Fig,  2, 


It  is  simply  a  small  motor  and  dynamo  combined.  A  small 
fraction  of  the  energy  which  the  meter  measures  operates  the 
motor,  and  the  retardation  is  supplied  by  the  light  drag*  of  a  copper 
disk  rotating  between  the  poles  of  two  magnets. 

The  annature  consists  of  a  number  of  coils  of  fine  Avire  wound 
upon  a  frame  of  pressed  paper,  which  is  fastened  to  the  vertical 
shaft.  The  commutator  bars  are  made  of  silver  and  the  bviishes 
are  tipped  Avith  that  metal.  The  armature,  in  scries  Avith  a  suit- 
able resistance  and  the  shunt,  is  connected  across  the  line.  The 
fields  consist   of   a  number  of   turns  of   stout  copper  Avirc  of  size 
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sufficient  to  carry  a  cui-rent  of  twice  the  rated  capacity  of  tlie 
meter.  These  fields  are  connected  in  series  with  one  side  of  the 
line  the  full  current  passing  through  them.  Hence  the  torque  of 
the  motor  is  exactly  proportional  to  the  watts. 

There  is  no  iron  about  the  motor,  and  the  meter  when  once 
calibrated  is  adaptable  to  either  direct  or  alternating  current.  In 
fact  were  we  to  replace  the  brushes  by  two  connections  affixed  to 
opposite  segments  in  the  commutator  and  attaching  a  suitable 
spring  and  pointer  to  the  shaft,  we  w^ould  have  an  indicating  watt- 
meter capable  of  being  used  on  any  circuit. 

The  copper  disk  rotates  between  the  poles  of  two  magnets. 
By  moving  the  magnets  out  or  in  the  speed  is  regulated  so  that 
the  number  of  revolutions  of  the  disk  in  a  certain  time  corres- 
ponds to  energy  delivered  to  the  circuit  in  that  time.  On  the 
shaft  is  a  worm  which  operates  the  recording  mechanism. 

As  before  stated  the  shunt  is  connected  in  series  wdth  the 
armature  and  resistance  across  the  line.  It  consists  of  a  suitable 
number  of  turns  of  fine  wnre  and  is  inserted  in  the  inside  of  one  of 
the  field  coils.  Its  object  is  to  assist  meter  on  light  loads,  thus 
giving  the  meter  great  accuracy  on  all  loads. 

In  the  lower  end  of  the  shaft  is  a  polished,  hardened  steel  de- 
tachable pivot.  The  shaft  sits  on  a  jewel  mounted  on  a  spring  in 
the  end  of  a  screw.  So  that  if  from  any  cause  jewel  or  pivot 
should  be  damaged  both  can  be  easily  removed  and  replaced  by 
new  ones  without  removing  the  cover.  The  meter  is  protected  by 
a  metallic  cover  which  is  drawn  tightly  down  on  to  a  strip  of  felt 
on  the  base,  thus  rendering  it  dust  proof.  To  the  underside  of  the 
base  is  fa.stened  a  metallic  plate,  when  it  is  sealed  up  it  is  im- 
possible to  tamper  with  the  meter  w^ithout  breaking  the  seals. 

Wattmeters  are  tested  by  connecting  them  up  with  an  indi- 
cating Wattmeter;  and  ^vith  a  stop  watch  noting  the  time  of  a 
certain  number  of  revolution.s  of  the  disk.     The  formula, 
3,600  X  constant  x  number  of  revolutions 
time  (in  seconds.) 
gives  watts  recorded  by  the  recording  meter  and  this  should  agree 
with  the  reading  of  the  indicatin<r  wattmeter.     If  there  is  not  a 
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close  enough  agreement  the  magnets  are  moved  out  or  in,  accord- 
ing as  meter  is  fast  or  slow. 

The  foraiula  is  derived  as  follows: 
Let  1  revolution  of  disk  in  1  hour  =  1  watt  hour. 
Hence  1  revolution  of  disk  in  1  sec.  =  3/500  watt  hours. 
Or  X  revolutions  of  disk  in  1  sec.  =  3,600  X  X  watt  hours. 

.   ..  ,    ■                    3.600  X  N       ^    . 
Or  N  revolutions  of  disk  in  t  see.  = ~  watt  liouis. 

Xow  suppose  we  took  a  25  amp.,  100  volt  meter  and  paased 
100  amperes  at  100  volts,  througii  it.  the  disk  would  rotate  at  the 
abnormal  speed  of  166.68  R.  P.  M.     If  the  field  coils  were  made 
\vitli  one-quarter  of  the  number  of  turns  of  wire  the  torque,  and 
hence  the  speed  of  the  disk  would  be  one-quarter  of  what  they 
were  before.    Since  the  disk  is  ninning  at  onc-ciuarter  of  the  speed 
necessary  to  record  the  power  in  the  circuit,  the  dial  will  indicate 
only  one-quartei  of  the  power,  so  the  dial  reading  is  multiplied  by 
4,  or  as  it  is  termed  "  constant  4."     Then  formula  becomes 
3,600  X  constant  X  number  of  revolutions 
time  (in  seconds). 
Another  way  of  looking  at  it  is — 
Let  AV  =.  watt  hours. 

N  =  number  of  revolutions, 
t  =  time  in  seconds- 
K  =  constant. 

W  <^  3,000- 
t 

W  °^  Revolutions  per  hour. 

^y_^3.600N 

t 

,       3,600N 
l)y  choosing  the  proper  voluc  tor      -   —   we  cnn    linvo  any 

value  of  K,  K',  1,  2,  etc.,  depending  on  the  size  of  the  meter. 

Everything  should  be  carefully  considered  before  selecting 
the  proper  size  of  wattmeter  to  be  used.  If  a  building  is  to  be 
illuminated  with  400  lamps  it  does  not  of  necassity  follow  that  a 
400  light  meter  will  do.  Take  the  case  of  a  theatre  using  300 
sixteen  candle  power  himps.    Probably  ten  of  the  lights  would  be 
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\ised  a  greater  portion  of  the  day  to  light  up  the  ticket  office,  lobby, 
etc.,  and  remaining  290  would  only  be  used  a  short  time  during  a 
performance.  Xow  1  would  place  a  ten  light  meter  on  the  first 
mentioned  circuit,  and  a  two  hundred  light  meter  on  the  lights  in 
the  main  part  of  the  theatre.  It  is  far  better  to  have  too  small  a 
meter  on  an  intermittent  load  than  too  large  a  one. 

Heretofore  it  seems  to  have  been  the  practice,  especially  in 
regard  to  house  lighting,  to  locate  the  meter  in  the  most-undesirable 
spot  possible.  Garrets  and  cellars  are  favorite  spots.  In  the  former 
there  is  a  120°  range  of  temperature  between  winter  and  summer, 
while  in  the  latter  it  is  usually  damp.  Is  it  not  unreasonable  to 
expect  good  results  from  meters  located  in  such  places?  A  good 
location  is  any  of  the  back  living  rooms  in  the  house. 

AVlien  a  meter  is  set  up  it  should  be  examined  annually  by  a 
competent  person.  Don't  suppose  that  it  is  going  to  run  forever 
after  it  has  first  been  inspected  and  sealed  up.  In  fact,  the  success- 
ful use  of  wattmeters  depends  largely  upon  the  intelligence  with 
which  thev  are  looked  after. 
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TLe  iise  of  bone  ash  for  cupels  is  so  universal,  that  it  is  with 
great  diffidence  one  seeks  to  introduce  any  other  substance  in 
place  of  it. 

Portland  cement  on  first  thoughts  does  not  recommend  itself 
to  one  for  this  pui-pose,  on  account  of  its  hardness  when.  set. 
Through  having  had  it  suggested  to  me  in  a  chance  conversation  I 
concluded  to  give  it  a  trial,  ancl  have  had  most  satisfactory  re- 
sults, finding  it  equal  to  and  if  anything  slightly  better  than  bone 
ash  in  every  way. 

The  cement  cupels  being  much  harder  and  stronger,  will  ad- 
mit of  any  kind  of  handling  both  in  and  out  of  the  furnace.  They 
can  be  dropped  or  even  thrown  down  without  any  material 
damage.  Neither  are  they  so  liable  to  fracture  in  the  furnace  as 
are  the  bone  ash  ones.  In  twenty  experiments  I  have  only  found 
one  with  a  crack  in  the  cup,  and  that  one  so  small  that  it  was  im- 
possible for  any  bead  but  a  very  minute  one  to  fall  into  it. 

Tlie  cement  being  slightly  heavier  than  bone  ash  with  equal 
absorbing  powers,  it  follows  that  size  for  size  the  cement  cupels  will 
absorb  more  lead,  while  for  ordinary  size  buttons  they  may  be 
made  shallower,  thus  enabling  one  to  see  more  of  the  cup  while  in 
a  small  muflle,  and  at  the  same  time  a  saving  is  made  in  material. 

As  will  be  seen  in  the  accompanying  table  the  loss  with  the 
cement  cupels  is,  in  most  cases,  slightly  less  than  with  the  bone 
ash  ones,  varying  for  18  cupellations,  of  from  2  to  600  mgs.  of 
silver,  from  nothing  to  4.86%. 

The  relative  cost  of  the  two  materials,  locally,  is  much  in 
favour  of  the  cement,  bone  ash  costing  by  bulk  7  cents  per  lb. 
while  the  price  of  cement  is  $6.50  at  Yellow  Union  per  bbl.,  being 
only  a  fraction  of  the  price  of  the  bone  ash. 
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Summing  up  and  nsins:  the  results  of  the  few  experiments 
I  have  made,  which,  having  had  to  be  done  in  spare  moments,  are 
not  as  many  as  I  would  liave  liked  to  have  done  before  laying  this 
paper  before  you,  I  find  results  to  be  as  follows: 
Time  of  cupellation  about  the  same. 
Loss  in  cupellation  slightly  in  favour  of  the  cement- 
Cement  cupels  less  liable  to  breakage  and  fracture  in  the 
furnace. 

Absorbing  power  of  cement,  size  for  sixe,  greater  than  that  of 
bone  ash. 

Cost  of  cement  being  only  a  fraetir>n  of  that  of  bone  ash. 
In  sencfing  this  ]iaper  to  be  read  before  you  it  is  in  hope  that 
some  members  of  the  Society  who  are  interested  in  assaying  may 
become  sufficiently  intei'ested  in  this  subject  to  caiTv  on  some 
more  experiments  in  the  laboratory  of  the  school,  the  results 
of  which  I  would  very  much  Hke  to  know. 

N.B. — I  neglected  to  state  that  the  cement  cupels  are  made  in  identicallj'  the 
same  way  as  the  bone-ash  ones. 

Note. — Portland  cement  cupels  have  been  in  use  in  the  assay  laboratory  of 
the  School  for  the  past  three  years.  In  the  Spring  of  1899,  Mr.  Mickle,  being  un- 
able to  get  a  good  quality  of  bone-ash,  commenced  some  experiments  with  cement, 
the  result  of  which  led  to  their  almost  exclusive  use  in  our  laboratory.  The  only 
drawback  to  cement  cupels  is  the  fact  that  after  they  have  been  brought  to  the 
proper  temperature  they  have  to  be  kept  thus  for  from  10  to  15  minutes  before 
putting  in  the  lead,  otherwise   'spitting  "  will  ensue. — Editor. 
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l*cat  or  turf,  by  w];icli  latter  name  it  i^^  p,enerally  known  by 
tlioso  acquainted  with  it  in  the  okl  lands,  commands  an  interest 
to-day  from  more  than  one  point  of  view.  While  you  may  be  in- 
terested in  it  from  a  scientific  point  of  view  purely — a  matter  for 
research,  if  no  further,  there  are  those  who  have  been  ^ving  many 
years  and  much  money  in  endeavoiu-ing-  to  devise  suitable  machin- 
ery for  compressing"  it,  and  thus  to  place  it  on  the  list  of  succe:^sful 
commercial  industries.  Ex])ired  patents  are  leiiion,  and  for  30  or 
40  years  we  have  records  of  experiments.  I  can  also  assure 
you  that  there  are  also  many  who,  with  no  interest  in  its  manu- 
factiu'c,  are  waitinc:  to  use  it  in  their  homes  just  as  soon  as  it  can 
be  procured. 

I  would  not  touch  upon  the  commercial  side  of  the  question  if 
we  were  not  as  engineers  specially  interested  with  that  aspect, 
and  in  fact  a  constant  question  is  "  Can  it  be  made  in  paving 
quantities?" 

The  fascination  of  the  subject  and  golden  hopes  of  success 
have  ever  brouglit  forwra'd  fresh  brains  and  resources  to  fill  the 
breach.  Up  to  this  time  commercial  success  has  not  been  attained, 
liut  we  have  good  grounds  to  hope  that  we  are  on  the  eve  of  it. 
Although  the  public  hear  less  of  the  subject  than  formerly,  there 
are  many  earnest  workers  employed  in  solving-  (and  I  believe  they 
will  be  successful,  if  indeed  they  are  not  so  already)  the  difficul- 
ties of  the  situation.  I  think  we  have  crossed  the  mountains  and 
are  descending  the  foot  hills. 

Most  of  us  have  gathered  our  hearsay  information  in  regard 
to  peat  frf)m  old  country  people.  There  are  deposits  throughour 
Xorthern  Euroi^e  in  tliose  countries  which  have  sent  our  fathers 
and  forefathers  here.  T^vcr  since  Caesar's  time,  at  least,  the  peat 
fire  has  b(;en  burninc:. 
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Here  also  in  Canada  there  are  deposits  of  a  similar  nature, 
for  all  peats  are  not  alike.  If  we  class  decomposed  vegetable 
niattei's  under  the  j>;eneral  name  of  peat,  we  have  deposits  formed 
of  decayed  grasses,  sedges,  aquatic  plants,  etc.,  we  have  cranberry- 
marshes  and  pockets  of  "  swamp  muck,"  as  it  is  called,  si'attered 
over  the  country.  The  fanner  is  well  acquainted  with  its  qualities 
who  has  to  fight  the  swamp  fire  till  the  snow  comes.  Speaking  of 
peat,  Dana  says: 

"In  temperate  climates  it  is  due  mainly  to  the  gi-o\vth  of 
mosses  of  the  genus  sphagnum.  This  plant  fonns  a  loose  turf,  and 
has  the  peculiar  property  of  dying  at  the  extremity  of  the  roots 
below,  while  it  continuously  grows  and  increases  above  the  surface, 
and  by  this  process  a  bed  of  great  thickness  is  fonned." 

It  is  specially  of  this  kind  of  peat  that  I  speak.  There  are 
two  deposits  I  know  well,  that  of  4,000  acres  in  AVelhmd  County, 
and  a  somewhat  smaller  deposit  in  Perth  County,  north  of  Stratford. 

I  believe  there  are  a  large  number  of  deposits  of  this  sphag- 
num peat  in  Canada.  There  are,  I  am  told,  bogs  of  excellent 
quality  and  extensive  area  in  l^ewfoundland,  Quebec  and  Ontario. 
There  are  huge  muskeg's  in  the  northern  part  of  Ontario,  Manitoba 
and  elsewhere,  we  know,  but  they  are  yet  to  be  proved  workable 
deposits.  In  Ireland  beds  of  great  thickness  are  found  in  which 
are  embedded  and  preserved  gTeat  oaks  of  a  time  long  since.  The 
peat  is  cut  year  by  year  off  the  face  of  the  bank  left  the  previous 
season.  The  upper  stratum  of  "  recent  peat "  is  more  fibrous  and 
the  colour  brown  when  dry.  In  "  older  peat  "  there  are  few  traces 
of  fibrous  matters,  and  it  presents  a  pitchy  hue  whon  cut.  It  will 
dry  out  more  or  less  brown  imless  it  is  puddled,  when  the  densitv 
increases  the  dark  colour.  The  upper  stratum  is  called  slave  turf, 
l)ecause  it  can  be  dug  with  a  slave,  an  instrument  like  a  spade  with 
a  wing  to  enable  the  bricks  of  peat  to  be  cut  on  two  sides  with  one 
action.  The  lower  stratum  is  often  not  cohesive  enough  to  be 
handled  in  bricks  as  it  comes  from  the  bog,  and  this  is  tramped  on 
the  bank  and  then  moulded  by  hand.  It  is  called  mud  turf,  lunid 
turf,  stone  turf,  or  puddled  peat. 

The  output  of  these  operations  is,  in  general,  used  locally. 
Most  hnidloi-ils  in  Trchuifl   have  bogs  from  which  thev  tret  their 
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own  supply,  and  the  rio-ht  to  cut  peat  generally  goes  with  a  tenant's 
lease  also. 

But  as  to  shipping  it  to  a  distance,  the  bulky  nature  and 
the  dust  prevent  this  being  done  to  any  extent.  Hence  the  great 
efforts  made  in  every  country  where  peat  is  found  to  compress  it 
into  a  more  portable  and  marketable  shape. 

The  process  of  excavating  and  drying  the  peat  as  performed 
on  the  Ellice  marsh,  north  of  Stratford,  in  1899  and  1900,  was  as 
follows:  Trenches  were  staked  out  3'  8"  wide,  and  at  inten-als  two 
men,  side  by  side,  were  set  digging  with  the  ordinary  steel  spades 
with  lifting  liandles.  The  peat  was  dug  out  one  spading  deep  at  a 
time  and  spread  along  the  bank,  when  this  was  dry  on  one  side  it 
was  stacked  in  small  stooks  of  four  or  live  with  the  wet  sides  our, 
three  or  four  pieces  on  end  and  one  on  top.  Subseciuently  these 
stooks  were  gathered  into  larger  piles  to  make  way  for  the  spread- 
ing of  a  second  spading  and  so  on.  To  gather  in  the  dry  peat, 
portable  tracks  were  laid  over  the  ditches  and  the  peat  throvrn  into 
trams  caiTying  from  ^  of  a  ton  to  one  ton  and  conveyed  to  sheds 
or  huge  stacks  to  be  thatched  with  lumber  or  moss. 

A  factory  was  erected  to  press  the  peat,  which  at  present  is 
shut  down  awaiting  the  perfecting  and  trial  of  mechanical  drving, 
which  is  occupying  the  attention  of  those  interested  in  the  enter- 
prise at  present. 

There  are  various  dryers  about  to  be  tested  more  fully  this 
summer,  enough  has  been  done  to  warrant  our  hoping  we  have 
overcome  this  crux. 

Peat  reabsorbs  moisture  easily,  and  if  spread  in  a  finely  dis- 
intcgTated  state  on  the  surface  of  the  bog  it  will  never  dry  enough 
to  render  artificial  drs'ing  unnecessary 

As  to  its  burning  qualities,  peat  igniites  easily,  requires  prac- 
tically no  draught  avI  en  once  the  fire  has  taken  hold,  gives  in- 
tense heat,  and  a  banked  fire  will  not  bum  out  nor  will  it  go  out 
until  the  fuel  is  consumed.  It  bums  with  a  flame  for  some  time, 
and  then  for  a  longer  period  in  red  hot  coals.  The  gases  emitted 
in  the  initial  stages  of  burning  are  not  only  innocuous  but  con- 
sidered by  some  medicinal,  especially  against  lung  troubles.  Tin 
percentage  of  ash  will  van-  with  the  deposit  from  which  the  pc;it 
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is  taken.  The  followinc;  analysis  was  made  of  samples  of  com- 
pressed fuel  made  from  the  product  of  the  Welland  bos:  with  the 
moisture  reduced  to  a  suitable  amount: 

Moisture 13 

Volatile  matter   •■)S.20 

Fixed  earl)on 20. 

Ash   3.80 

The  absence  of  soot,  clinkers  and  practically  of  smoke  (when 
burned  under  proper  conditions)  are  qualities  wliich  will  appeal 
to  all  classes  of  consumers.  Peat  in  its  crude  state  varies  very  much 
in  weight— about  000  lbs.  to  the  cubic  yard  may  be  taken  as  a  fair 
density.  The  fuel  as  consolidated  by  the  Dirk-on  pre-?  will  weioh 
from  slig-htly  under  soft  coal  to  slie^'htly  over  hard  coal,  neitlier 
frost  nor  a  damp  atmosphere  will  affect  it,  but  it  should  be  pro- 
tected from  rain. 

In  the  Dickson  ])ress  the  ])eat,  after  beinii'  broken  To  a  ]io\vder 
in  a  l)reaker.  is  disposed  automatically  by  iii-avitation  towarJ.s  the 
lower  and  stationary  dies  or  moulds,  wliidi  consist  of  two  steel 
tubes  about  twelve  inches  lona,  of  uiill'onii  bore  and  open  at  both 
.  ends,  into  whicii  work  two  ])unches.  Each  cliaroe  t)t'  ju-at  whi-di 
flows  in  when  the  punch  rises  is  com])acted  into  a  solid  i)lock  on 
the  top  of  the  previously  made  blocks  wliich  occu])v  the  lower  two- 
thirds  of  the  tube,  and  this  column  of  blocks  is  forced  down  a 
distance  equal  to  the  depth  of  the  block  made,  and  thus  each  time 
one  drops  out  at  the  bottom.  The  resistance  thus  obtained  is 
yieldin<>-.  Processes  wliich  involve  the  consolidation  of  the  crude 
peat  in  a  wet  or  hot  state  leave  it  subject  to  disintcsirntion  ui>i»u 
drying  or  cooling. 

To  dry  peat  in  the  air  ir  must  l)i'  ex])osed  to  the  wind  in  briek 
form,  and  never  more  than  4  or  .")  inches  thick  whatever  length 
and  lireadth  it  may  have.  It  \\>11  never  dry  in  luai^s  or  in  ]H>wder- 
ed  form  either,  unless  it  were  s])read  an  inch  deep  on  boards,  ^vhich 
is  practically  out  of  the  question.  Air  dryinu  mav  be  done  on 
I'acdviH,  but  the  initial  cost  of  the  racks  will  lie  lariie. 

I  believe  that  in  such  a  situation  a<  the  Kllice  lioo-,  where 
my  own  plant  is  situated,  that  the  ]>eat  can  be  easilv  harveste<l 
after  air  drvimr  with  onlv  25*7c  of  mosture.     This  would  make  the 
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task  of  reducing'  the  moisture  another  10  or  15  per  cent,  by  artifi- 
cial means  an  easy  one. 

It  is  proposed  by  some  to  squeeze  the  first  30  or  40  per  cent, 
of  moisture  out  of  it,  and  for  this  purpose  an  hydraulic  press  has 
been  set  up  at  the  Trent  Valley  Peat  Fuel  AVorks.  Fresh  peat 
contains  from  75  to  90  per  cent,  of  water,  which  shows  what  an 
amount  lias  to  be  handled  to  secure  one  ton  drv  wei^'ht.  The  time 
of  dr^ang'  varies  with  the  weather,  the  handlino-  it  oets,  and  the 
artificial  shelter,  if  any. 

It  mig;ht  dry  in  a  month  easily,  but  count  on  six  weeks  on 
the  averajffe. 

In  well  desia:ned  plants  an  endeavour  will  be  made  to  elimin- 
ate hand-labour  as  much  as  possible.  The  i^lant  will  cover  quite 
an  area  of  around,  but  the  stora,e:e  buildinc;  will  be  inexpensive. 
They  will  be  all  connected  Avith  conveyors. 

Dred.2;ing"  machinerv  will  be  used  in  some  bogs,  in  which  case 
the  peat  will  be  squeeed  and  artificially  dried,  and  what  takes  now 
six  weeks  will  occupy  Ir-ss  than  an  hour. 


THE  CONSERVATION  OF  AVATER  FOR  POWER  PURPOSES. 


C.  H.  Mitchell,  B.A.    Sc,  C.  E.,  A.  M.  CaX.  Soc.  C.  E. 


In  Canada  and  particvdarly  in  the  Province  of  Oiitari*  wliere 
the  wealtli  of  water  powers  is  known  to  be  almost  inexhaustible, 
the  study  of  consen'ation  of  water  for  power  purposes  seems  almost 
superfluous.  Conditions,  however,  frequently  arise  where  the  con- 
centration of  water  at  one  point  from  a  limited  area  becomes 
highly  necessary  for  commercial  purposes. 

The  following-  paper  was  prepared  in  the  form  of  a  report, 
made  in  October,  1900,  for  a  well  known  mining  company  in 
Ontario,  and  with  their  consent  the  writer  has  arranged  it  for  the 
Engineering  Society  in  the  lio]:)e  that  it  may  provide  information 
on  a  subject  u])()ii  which  l)Ut  little  has  appeared  in  the  Society's 
publications. 

The  circumstances  leading  to  the  examination  of  this 
hydraulic  proposition  required  that  sufficient  water  be  provided 
from  a  very  limited  area,  for  the  present  small  experimental  plant, 
and  ultimately  for  a  proposed  plant  of  large  capacity.  Tlie  grade 
of  the  ore  in  this  locality  was  such  as  to  render  it  preferable  to 
develop  direct  power  ai  ihls  point  even  at  considerable  expense 
for  tlie  collection  and  storage  of  water.  The  power  is  required 
for  running  a  crnshing  and  washing  ])lant  in  the  process. 

General. 

1.  The  mine  now  worked  by  your  company  is  situated  on 
Lot  3,  Con.  xviii.,  Township  of  Kaglan,  vath  the  prest^nt  mill 
situate  on  Lot  2,  about  a  mile  distant  by  road.  These  works  are 
about  n  miles  south  of  the  Village  of  Combermcre,  and  20 
miles  south  from  Barry's  Station  on  the  Canada  Atlantic  Kailway. 
They  are  at  an  eUn-ation  of  about  200  feet  above,  and  a  mile  west 
from  the  York  I\i\'er,  which  is  a  considerable  stream  tributary  to 
the  Madawaska  Iviver,  the  junction  of  which  is  about  4  miles 
north  from  the  mill.  This  will  be  seen  by  reference  to  the 
"General  Map  "  accompanying  this  report. 

2.  Access  is  had  to  the  works  from  Combermere  at  present 
bv  road  onlv,  the  countrv  bcinff  verv  hillv.  and  the  roads  for  the 
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most  part  rough,  though  improvements  have  been  lately  put  on 
them.  Transport  can  be  effected  by  water  via  the  Madawaska  and 
York  Rivers  to  a  point  within  about  1.5  miles  of  the  works,  from 
which  a  road  is  now  being  constructed.  This  water  is  available 
for  8  months  of  the  year  through  to  Barry's  Bay,  where  a  spur 
track  is  in  contemplation  to  the  wharf. 

3.  The  mill  is  situated  upon  a  small  creek  known  as  Long 
Lake  Creek,  and  was  formerly  a  small  saw-mill,  and  is  supplied 
with  water  for  power  from  the  creek  by  means  of  a  small  dam. 
This  creek  has  its  sources  to  the  west,  and  above  the  I'unction  in 
the  "Menzie  Meadow,"  about  2  miles  distant,  trends  from  the 
north  on  the  one  hand  from  Long  Lake  (about  200  feet  above  the 
mill),  and  from  the  west,  from  a  series  of  small  lakes  and  meadows 
fed  by  a  considerable  area  of  hilly  district.  The  latter  branch  i= 
known  as  Lennon's  Brook.  At  the  extreme  end  of  this  is  a  small 
lake  or  pond  which  is  called  Summit  Lake,  about  150  feet  above 
the  present  mill,  the  waters  of  which  flow  westward,  though  in  wet 
season  much  of  it  would  come  east.  This  appear?;  to  be  fed  to  a 
large  extent  by  the  country  to  the  north. 

At  a  point  about  0.75  miles  west  of  the  mill,  Robilliard's 
Brook  enters  the  Long  Lake  Creek.  This  drains  an  area  in  a 
pocket  among  the  hills  in  which  is  a  small  pond  called,  by  settlers, 
the  Beaver  Meadow,  some  200  feet  above  the  mill. 

To  the  north-west  of  Long  Lake  lies  Echo  Lake,  at  an  eleva- 
tion of  nearly  400  feet  above  the  mill,  which,  though  of  larger 
area  than  any  lake  in  the  vicinity  has  a  comparatively  small 
drainage  area,  the  water  from  which  flows  by  Bound  Lake  and 
outlet  to  the  Madawaska  to  the  north  and  away  from  Long  Lake. 

The  greater  part  of  the  drainage  area  outlined  above  lies  in 
the  Townships  of  Carlow  and  Bangor,  smaller  portions  being  in 
Baglan  and  Radcliffe. 

4.  The  general  nature  of  the  country  is  very  hilly,  with  areas 
of  lake  marshes  and  low  ground  lying  between.  The  hills  rise 
to  a  general  height  of  about  500  feet  above  the  valley  of  the 
Long  Lake,  and  Lcnnon  Brooks,  and  lie  in  an  in'cgular  position, 
rather  than  in  any  particular  direction  of  ridges,  a  fact  which  is 
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favorable  for  water  supply,  and  storage.  The  slopes  and  crests  of 
the  hills  are  covered  to  a  considerable  extent  with  hard  wood  and 
second  <jrowth  brush.  The  valleys  are  more  or  less  open,  with 
patches  of  second  gro^vth. 

5.  The  prevailing  temperatures  in  this  locality  are  extreme, 
the  summer  average  being  at  times  as  high  as  90  degrees  F.,  and 
the  winter  as  low  as  —  30  degrees  F.,  frequently  much  lower.  This 
is  a  considerable  factor  in  water  supply  owing  to  the  evaporation 
in  summer,  and  the  freezing  of  springs,  watercourses,  and  rain- 
fall in  winter. 

Rainfall,  Sources  and  Storage. 
6.  The  most  essential  feature  in  the  supply  of  water  from  this 
locality  for  power  is  the  available  rainfall.  Having  examined 
the  streams  during  the  first  week  in  October  of  this  year,  the 
Avriter  was  able  to  determine  the  average  fall  flow  of  water  avail- 
able, a  part  of  which,  though  small  in  quantity,  may  be  termed 
''  gTound  water  "  rising  from  springs,  and  quite  independent  of  the 
rainfall.  The  rainfall  source  of  supply  appears  to  be  variable 
from  year  to  year,  and  even  by  monthly  comparison. 

The  nearest  meteorological  observing  station  to  this  locality 
is  situated  at  Renfrew,  about  45  miles  to  the  east  as  the  crow 
flies.  Obser\^ations  on  rainfall  have  been  carried  on  at  this  point 
since  1884,  though  at  times  they  have  been  omitted,  and  there 
are  some  readings  which  there  is  reason  to  doubt.  Below  is  a  table 
showing  the  totals  of  annual  rain  and  snow  fall  equivalents  in 
inches.     Observations  in  the  years  not  shown  are  incomplete: 

llain.  Snow.        Total. 

1884 13.54     8.60    22.14 

1885 16.56    11.48    28.04 

1886  19  .  00     7 .  35    26.35 

1888  13.19     4.35    17.54 

1889  23.26     7.87    31.13 

1890  17.15     6.70    23.85 

1891  21.14     4.71    25.85 

1893  22.71     2.76    25.47 

1894  13.20     1.75    14.95 

1895  9.13     4.47    13.60 

1897  13.50     5.20    18.70 

1898  19.67     6.45    26.12 


THE   CONSERVATION    OF   WATER    FOR   POWER   PURPOSES.  67 

The  abnormally  low  rainfall  in  tlie  years  1894  and  1895  is 
evidently  due  to  incorrect  readings,  as  an  exaniinalion  of  the  re- 
cords would  lead  one  to  suspect.  Omitting-  the  observations  of 
these  two  years,  the  average  of  10  years,  as  above  since  1884,  i« 
a  total  fall  of  rain  and  snow  combined  of  24.52  inches,  while,  in- 
cluding the  two  years  mentioned,  it  becomes  22.81  inches.  The 
year  1898,  being  the  nearest  to  the  average  in  recent  years,  is 
given  below  so  as  to  illustrate  the  monthly  variation,  although 
the  months  September  and  October  are  abnormally  high: — 

Year  1898. 

Rain.  Snow.  Total. 

January 0.00  2.00  2.00 

February    0.00  1.80  1.80 

March  ' 0.02  0 .  00  0 .  62 

April    0.47  0.10  0.57 

May    2.51  0.00  2.51 

June 2.87  0.00  2.87 

July    2.15  0.00  2.15 

August    2.05  0.00  2.05 

September    4.09  0.00  4.09 

October    4.91  0.00  4.91 

November    0.00  0.80  0.80 

December 0 .  00  1 .  75  1 .75 

Totals 19.67  6.45  26.12 

The  average  month  by  month   covering  the  typical  years 

1885,  1886,  1888,  1890,  1897  and  1898,  is  given  in  the  following: 

table,  which  shows  the  rain,  snow  and  total  for  each  month. 

Rain.  Snow.  Total. 

Januarv    0.44  1  .25  1.69 

Februarv    0.16  1  .  :18  1 .  54 

:\rarch   ' 0.^2  0.91  1.23 

April    0.95  0.95  1.90 

May    1.61  0.02  1.63 

June    2.70  0.00  2.70 

July    2.40  0.00  2.40 

August 2.65  0 .  00  2  .  65 

September    1  .85  0.00  1  .85 

October 2.13  0.04  2.17 

November    1.01  0.68  1.69 

December 0.13  1.64  1.77 
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This  by  inspection  would  lead  to  the  assumption  that  while 
the  "  dry  weather "  season  occurs  in  the  winter  months  the  pre- 
cipitation is  fairly  constant  throughout  the  year,  that  is  to  say 
that  the  July,  August,  September  and  October  weather  so  fre- 
quently known  as  "  dry "  produces  quite  as  much  rainfall  as 
other  seasons,  and  that  if  there  is  any  shortage  of  water  it  is 
caused  solely  by  evaporation  and  absorption.  The  northern; 
country  is  well  known  to  give  a  "  dry  weather  "  season  in  March, 
a  fact  which  is  borne  out  in  this  locality  by  the  last  table,  tTie 
precipitation  being  nearly  all  snow  water. 

The  inference  from  these  tables  is  that  generally  speaking 
the  "dry  weather"  occurs  not  in  the  summer  or  fall,  but  in  Teb- 
ruary  and  March,  during  the  extreme  cold  weather,  and  that  con- 
servation of  water  must  look  toward  that  season  and  not  so  much 
toward  the  warm  summer  season. 

Y.  The  character  of  the  countiy  has  much  to  do  with  the 
securing  of  rainfall  water  as  under  any  circumstances  a  certain 
portion  of  the  water  is  lost,  the  amount  depending  upon  the  gen- 
eral inclination  of  the  slopes,  and  the  character  of  the  soil,  el<?. 
Flat  country  and  very  gentle  slopes  give  a  less  percentage  of  the 
total  rainfall  capable  of  being  collected  and  stored,  than  does 
steep,  hilly  and  rocky  country.  This  amount  of  water  reaching 
the  basins  or  streams  is  termed  "run-off."  By  an  examination 
of  all  the  conditions  in  the  areas  for  supply  for  your  purposes 
the  writer  does  not  think  it  wise  to  assume  the  run-off  in  excess 
of  50%,  which  is  a  moderate  and  conser^^ative  figure  for  such  coun- 
try. The  remainder  of  the  precipitation  would  be  lost  through 
evaporation,  absoi^ption  and  seepage  into  undergroimd  channels. 

Assuming  as  an  average  annual  precipitation  for  calculating 
purposes  the  amount  of  24  inches,  the  run-off  can  be  safely  as- 
sumed as  12  inches  of  rainfall  per  annum.  Twelve  inches  of 
water  over  one  square  mile  of  area  would  produce  about 
27,880,000  cubic  feet  of  water. 

8.  The  main  area  as  shown  on  the  general  map  of  the  supply, 
comprising  Long  Lake  with  its  tributaries,  and  the  Lonnon  Brook, 
etc.,  comprises  about  13.0  square  miles.  Within  tlii^  area  there 
is  about    O.Of)    square    miles  (5%)  or  435  acres  of   water  surface 
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at  ordinary  times,  i.e.,  including  lalves,  streams  and  marshes.  T>ono; 
Lake  has  an  area  of  about  90  acres,  at  its  present  level.  Tho 
area  of  thirteen  square  miles  should  produce  about  362,000.000 
cubic  feet  of  run-off  water  per  .annum.  The  writer  estimates  the 
ground  water  as  indicated  by  the  October  flow  at  about  48,000,000 
cubic  feet  per  annum,  thus  bringing  the  total  water  available 
in  the  main  water  shed  area  to  a  flow  of  410,000,000  cubic  feet 
per  annum. 

By  an  examination  of  the  average  monthly  rainfall  for  many 
years  back,  and  having  regard  for  the  snow,  ice  and  spring  freshets, 
together  with  an  assumed  constant  ground  water  flow,  estimated 
approximations  for  the  total  monthly  flow  from  this  area  have 
been  made.  These  lead  one  to  believe  that  the  average  flow  dur- 
ing the  months  of  December,  January,  February  and  March,  will 
not  exceed  say  11  million  cubic  feet  per  month,  and  might  at 
extremely  cold  and  dry  seasons  run  as  low  as  8  million  cubic  feet. 
April,  May  and  June  might  be  assumed  at  an  average  of  from 
50  to  70  million  cubic  feet  per  month,  the  other  months  of  the 
year  being  from  20  to  40  million  cubic  feet. 

9.  The  area  shown  by  the  general  map  comprising  the  "  Bea- 
ver Meadow "  and  Robilliard's  Brook  drainage,  gives  about  1.5 
square  miles,  of  which  about  25  acres  (2i%)  is  water  surface. 
Spring-s  in  this  locality  are  numerous,  and  these,  together  with  the 
rainfall,  it  might  be  estimated  would  give  about  46  million  cubic 
feet  per  annum.  This  would  produce  monthly  about  one-tenth  the 
amounts  shown  for  the  general  area.  The  greatest  part  of  the 
water  from  this  area  reaches  the  I^ong  I^ake  Ci'eek  at  a  point  about 
}i  miles  above  the  mill. 

10.  The  Echo  Lake  area  lies  high  above  the  previous  water 
sheds,  and  consists  of  a  drainage  of  about  3  square  miles,  of  which 
250  acres  or  10%  is  water  surface.  This  lake  is  fed  largely  by 
springs,  and  the  slopes  are  comparatively  short  and  steop.  This 
area  should  produce  with  the  ground  water  a  total  flow  of  about 
100  million  cubic  feet  per  annum.  The  cold  weather  winter  flow 
should  not  be  less  than  about  2  million  cubic  feet  per  month,  the 
maximum  spring  flow  for  three  months  about  15  to  20  million 
cubic  feet  per  month,  and  remaining  average  about  7  to  10  mil- 
lion cubic  feet. 
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Present  Mill  and  Plant. 

11.  The  present  mill  is  situated  in  the  piorse  of  the  Long 
Lake  Creek,  immediately  below  a  loj?  and  earth  dam,  about  1 .") 
feet  in  hei,G:ht.  The  dam  was  orioinally  bnilt  for  a  saw-mill  and 
was  increased  in  height  and  strengtli  for  the  present  mill.  This 
impounds  water  to  only  a  small  extent  of  surface  as  the  creek 
inclination  is  somewhat  steep.  Water  for  driving  the  mill  is 
drawn  from  the  dam  by  means  of  a  15  inch  spirally  rivetted  pipe 
to  a  point  about  300  feet  below  the  dam,  where  power  is  gener- 
ated by  a  37  inch  "  Cascade  "  impulse  wheel,  with  five  nozzles, 
under  a  normal  head  of  about  44  feet,  variable  on  account  of 
head  water;  at  this  head  the  wheel  gives  about  39  horsepower. 
This  plant  has  been  iu  operation  only  since  July,  for  experimental 
purposes. 

At  the  time  of  the  writer's  visit  (October)  this  wheel  was 
developing  about  30  horsepower,  and  was  using  about  7  cubic  feet 
of  water  per  second  -when  all  machinery  was  on.  The  heavy 
crusher  machinery  was  mnning  at  that  time  only  about  4  hours 
per  day  out  of  the  20  hours  run,  using  about  15  horsepower,  and 
the  remainder  of  the  time  the  lighter  machinery  used  only  about 
15  horsepower,  with  3,6  cubic  feet  of  water.  The  ore  treated  in 
the  mill  was  about  20  tons  per  day  of  20  houi"s,  and  observations 
made  on  the  performance  of  this  experimental  mill  show  that  it 
requires  about  1  horsepower  per  ton  of  ore  treated  for  all  pur- 
poses, although  this  should  be  considerably  decreased  by  improve- 
ments which  can  be  made. 

12.  Measurements  of  water  coming  down  to  the  mill  show 
that  under  normal  conditions  in  October  as  indicated  above,  about 
5  cubic  feet  per  second  of  water  was  being  used  for  all  purposes, 
washing,  leakage,  and  other  loss.  The  latter  c^n  be  saved  by 
careful  attention  to  the  dam,  which  is  now  being  done. 

A  series  of  measurements  extending  from  !May  17th  to  July 
12th,  1900,  on  the  water  flowing  over  a  70  inch  weir  at  the  mill 
gives  an  average  discharge  of  about  60  million  cubic  feet  per 
month.  During  this  interval,  however,  a  dam  was  placed  in  tlie 
outlet  to  Long  Lake  on  June  4th,  thereby  cutting  off  suiiply 
from  that  district.     Previous  to  this  date  the  average  for  the  IS 
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days  in  May  was  at  26  cubic  feet  per  second,  or  at  the  rate  of 
about  70  million  cubic  feet  per  month.  This  figure  includes  the 
Robilliard  area,  but  does  not  include  the  water  from  the  west 
end  of  the  main  area,  which  it  is  contemplated  to  brin^  to  the 
mill.  Though  the  rainfall  at  Renfrew  for  the  first  five  months  of 
1900,  and  for  the  month  of  May,  show^s  about  25%  greater  than 
the  average  for  the  periods,  as  indicated  in  paragTaph  6  above, 
nevertheless  the  above  discharge  as  measured  appears  to  agree 
with  the  run-off  production  indicated  in  paragraph  S.  After 
the  dam  was  placed  in  Long  Lake  the  rate  of  flow  for  38 
days  in  June  and  July  was  20  cubic  feet  per  second,  or  about 
53  million  cubic  feet  per  month,  during  which  time  Long  Lake 
was  filling  according  to  subsequent  measurements  at  the  rate  of 
about  5  million  cubic  feet  per  month.  These  figures  also  appear 
to  agTee  fairly  well  with  the  previous  deduction  from  the  rain- 
fall and  run-off. 

13.  There  is  no  doubt  whatever  that  this  flow  of  5  cubic  feet 
per  second  as  measured  cannot  be  maintained  throughout  the  win- 
ter months  or  during  a  particularly  dry  season  in  the  fall.  This 
is  shown  by  the  fact  that  the  present  plant  has  been  drawing  to 
a  small  extent  this,  year  upon  the  Long  Lake  reservoir  since 
August  24th.  This  lake  was  dammed  on  June  4th  by  a  small 
dam  and  allowed  to  fill  until  the  former  date  to  a  height  of  about 
30  inches.  Since  that  time  water  has  been  drawn  from  it  at  the 
rate  of  about  O.Y  to  1.0  cubic  feet  per  second,  of  which  from 
0.4  to  0.5  cubic  feet  is  storage  water. 

While  a  minimum  of  water  of  about  5  cubic  feet  per  second 
will  bo  required  to  be  maintained  during  the  present  winter,  a 
greater  amount,  about  8.0  cubic  feet  per  second  will  be  reqnired 
next  year  in  view"  of  the  contemplated  enlargement  of  the  present 
experimental  mill,  when  a  Avheol  of  greater  power  mav  be  installed. 
A  50  horsepower  wheel  could  be  run  with  this  water  on  the  same 
principle  as  at  present,  running  all  the  machineiy  at  full  power 
about  one  quarter  of  the  time,  and  the  lighter  machinery  at  about 
20  horsepow'er  during  the  remainder. 

Proposed  for  Present  Plant. 

14.  The  present  dam  will  require  to  be  carefully  overhauled 
and  strengthened  so  as  to  ensure  its  secnritv  and  close  the  leaks. 
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The  stability  of  this  dam  is  most  essential,  as  the  mill  is  situated 
immediately  beloAV  it.  The  immediate  construction  of  a  sufficient 
spillway  through  the  dam  to  provide  for  the  spring  freshets,  is 
advisable,  the  former  wasteway  having  been  closed,  and  it  would 
be  well  also  to  clear  the  mill  pond  of  biiish  and  logs,  etc. 

15.  The  chief  problem  for  the  present  plant  is  to. provide 
the  supply  of  8  cubic  feet  of  water  at  the  mill  the  year  round. 
To  do  this  requires  the  utilization  of  storage  areas  sufficient  to 
store  water  to  supply  the  deficiency  in  the  dry  and  cold  weather 
months,  viz.,  December  to  March,  inclusive,  and  possibly  October 
and  November  at  times. 

The  writer  is  of  the  opinion  that  the  main  area,  together 'with 
the  Robilliard  area,  as  before  indicated,  will  provide  sufficient  run- 
off water  to  do  this,  and  that  storage  reservoirs  in  the  Menzie 
Meadow  and  on  Long  Lake  can  be  suitably  arranged  to  store 
water  for  the  dry  seasons. 

Assuming  that  the  minimum  dry  season  i^roduces  by  the  run- 
off from  these  two  areas  8  million  cubic  feet  per  month  for  the 
four  winter  months,  December,  January,  February  and  ^Inrch, 
and  18  million  cubic  feet  per  month  for  October  and  ^vTovember, 
which  is  a  conservative  figiire,  the  storage  areas  must  supply  the 
deficiency  up  to  the  8  cubic  feet  per  second  limit.  The  amount 
of  water  required  by  the  mill  at  this  figure  running  24  hours 
per  day,  31  days  in  the  month,  will  be  approximately,  22  million 
cubic  feet  per  month.  Consequently  the  draft  on  the  storage  areas 
would  be  14  million  cubic  feet  per  month  for  the  winter  months 
and  4  million  cubic  feet  for  October  and  November.  That  is  to 
say  a  total  of  64  million  cubic  feet  would  be  required,  without 
considering  losses  by  evaporation,  freezing,  absorption,  etc. 

16.  To  provide  for  this,  dams  for  storage  will  be  required 
at  the  outlets  of  the  Menzie  Meadow,  and  Long  Lake. 

The  Menzie  Meadow  dam  is  proposed  at  the  point  shown  in 
the  plans,  and  should  be  built  so  as  to  impound  water  U^  an  eleva- 
tion of  185.0  feet  above  the  datum  of  levels  as  per  the  contouv 
plan,  or  about  14  feet  above  the  level  of  the  creek  immediately 
above  the  outlet.  This  dam  can  be  built  of  logs,  eartli  and  stone, 
wdiich  can  be  easilv  found  in  the  loealitv.     Its  extreme  height 
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would  be  about  17  feet  and  its  len^ili  about  200  feet,  at  tbe 
located  site,  assuming-  the  water  to  be  within  a  foot  of  the  top 
at  high  water,  the  crest  of  the  dam  being-  at  elevation  186.0.  This 
dam  should  be  made  perfectly  tight  and  with  a  spillway  to  pro- 
vide the  passage  of  high  water  in  the  spring.  It  should  have 
stop  logs  or  a  gate  so  arranged  as  to  deliver  the  required  amount 
of  water  over  and  into  the  creek  bed.  The  amount  of  water  de- 
livered will  not  need  to  be  as  much  as  8  cubic  feet  per  second  as 
the  Eobilliard  stream  and  springs  in  the  valley  will  provide  a  por- 
tion of  the  water  required  for  the  mill. 

The  Menzie  Meadow  thus  dammed  so  as  to  raise  the  water 
to  an  elevation  of  185.0  would  provide  for  a  storage  of  about  83 
acres,  which,  with  the  dam  arranged  so  as  to  draw  off  the  upper 
13  feet  of  the  pond,  would  store  about  46  million  cubic  feet.  The 
evaporation  and  absorj^tion  during  the  summer  months,  t(igether 
with  temporary  loss  in  the  winter  by  frost,  should  not  exceed  about 
20%  of  the  amount  if  the  brush  and  trees,  particularly  within  the 
upper  pond  area,  are  cleared  so  as  to  reduce  the  evaporation 
to  a  minimum.  The  writer  is  of  the  opinion  that  a  storage  of  37 
million  cubic  feet  can  be  considered  as  reliable  for  this  reservoir, 
at  the  height  of  dam  indicated.  Should  more  water  be  required 
at  any  time  in  the  future,  it  can  be  impounded  bv  raising  this  dam 
a  few  feet;  the  dam  might  be  built  with  this  in  view. 

It  appears  from  the  precipitation  that  there  will  not  be  suffi- 
cient rainfall  this  fall  and  winter  season  (1900-1001)  to  provide 
any  water  for  storage  above  that  now  being  used,  but  the  imme- 
diate construction  of  this  ]\[enzie  dam  is  advisiible,  so  that  when 
Ihe  spring  thaw  and  rains  set  in  the  reservoir  may  be  filled  bv 
the  flood  Avater.  This  water  will  then  become  available  in  thr- 
fall  and  winter  of  1901. 

The  dam  placed  at  the  outlet  of  Long  Lake  in  June,  1900. 
ser^-es  to  raise  the  water  about  2.5  feet.  If  .this  were  raised  so  as 
to  impound  water  to  a  depth  of  10  feet  above  the  old  lake  level, 
a  storage  of  about  42  million  cubic  feet  would  be  secured.  De- 
ducting about  20%  as  before,  for  evaporation,  etc.,  about  34  mil- 
lion cubic  feet  would  be  available.  This  is  quite  feasible  and 
its   construction    during  the    coming   winter    is  also    advisable    to 
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seenre  the  flood  water  in  the  sprinfj.  The  area  draining-  into  Loni; 
Lake  is  not  large,  and  would  not  be  sufficient  to  till  the  pond  as 
proposed  unless  the  outflow  were  shut  off  entirely.  This,  how- 
ever, can  easily  be  done,  as  the  surplus  water  from  the  western 
portion  of  the  main  area,  coming-  to  and  over  the  Menzie  dam 
would  be  sufficient  to  run  the  mill.  With  a  properly  constructed 
dam  and  excavation  the  water  of  Long  Lake  could  be  drawn  down 
even  lower  than  originally. 

17.  For  the  demands  of  the  coming  dry  winter  season,  be- 
fore these  dams  fill,  steam  power  will  be  required  if  the  mill  is 
to  be  kept  running.  Under  the  present  circumstances  a  15  horse- 
power steam  ]ilant  ought  to  be  quite  sufficient  as  an  auxiliary  to 
the  water  plant  with  what  water  comes  down.  This  can  subse- 
quently be  used  for  heating  and  other  purposes. 

The  following  is  a  recapitulation  of  the  works  proposed  for 
improving  the  present  plant: — 

1.  Strengthening  m'esent  mill  dam,  stopping  leaks,  con- 
structing spillway,  and  possibly  ultimately  raising  crest. 

2,  Possible   ultimate   installation   of   larger   wheel   and 
feed  pipe,  for  say  50  horsepower. 

3,  Building  Menzie  dam,  and  clearing  area. 

4.  Building  Long  Lake  dam. 

Water  provided — 8  cubic  feet  per  second. 
Available  water  stored — 71,000,000  cubic  feet. 

PKOrOSED  XeW  ]\riLL. 

IS.  There  is  in  contemplation,  the  construction  of  a  new 
mill  at  the  location  shown  on  the  plans,  of  much  greater  capacitv 
than  the  present  experimental  mill,  if  the  construction  is  justifi- 
able by  circumstances.  Such  a  course  would  entail  the  abandon- 
ment of  the  present  mill,  and  the  use  of  the  machinery  and  the 
water  for  the  new  plant.  The  following  hydraulic  considerations 
are  upon  this  basis. 

li).  A<  has  Ikh'u  ]ireviously  shown  the  total  water  available 
from  the  tliree  drainage  ureas  is  constituted  of:  main  area,  410 
million  cubic  feet  per  annum.  Echo  Lake  area  100  million,  and 
Kobilliard  area,  40  niilli(»n,  a  total  of  ^y'iC*  million  cubic  feet.    Of 
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this,  by  a  conservative  estimate,  more  than  80%  could  be  ntilized 
for  the  mill,  or  say  a  maximum  of  444  million  cubic  feet,  a 
monthly  average  of  37  million  cubic  feet.  This  is  at  the  rate  of 
14  cubic  feet  per  second  used  constantly. 

It  appears  from  previous  figures  that  the  dry  wtather  flow 
for  the  four  winter  months  will  not  exeeeil  11  million  cubic  feet 
per  month  from  all  sources;  and  that  the  months  of  October  and 
November  cannot  be  depended  upon  beyond  25  million  cubic  feet 
per  month.  Hence  a  deficiency  of  water  under  the  requirement 
of  37  million  cubic  feet  per  month,  occurs  in  six  months  of  the 
year,-  the  draft  for  the  four  winter  months  being  at  the  rate  of 
26  million,  and  for  October  and  l^ovember  10  million,  a  total 
deficiency  for  the  year  of  124  million  cubic  feet,  without  consider- 
ing evaporation,  etc. 

20.  The  proposed  location  of  a  new  mill  of  large  capacity,  as 
ihown  on  the  plans,  is  in  a  ravine  immediately  below  the  mine. 
The  advantages  of  this  location  are  evident.  Ore  can  be  sent 
direct  to  the  mill  by  gravity,  with  a  short  haul.  A  very  high 
head  of  water  can  be  secured,  and  trans]X»rt  for  prod\ice  easier. 
A  possible  advantage  is  its  location  out  of  the  line  of  discharge 
from  the  country  above,  should  any  of  the  storage  dams  go  out. 

As  shown  by  the  map,  a  mill  could  be  constructed  with  a 
water  wheel  at  elevation  about  20.0  feet  above  datum.  As  pre- 
viously shown,  the  elevation  of  the  surface  of  the  storage  reser\'oir 
at  Menzie's  already  proposed,  about  2  miles  distant,  is  185.0,  a 
difference  of  165  feet.  This  head  of  course  could  not  all  be  uti- 
lized, as  it  is  proposed  to  draw  the  storage  of  the  Menzie  reser- 
voir down  to  elevation  172,0,  and  as  about  18  feet  head  will  be 
lost  in  bringing  water  down  the  valley,  thus  leaving  an  available 
head  on  the  wheel  of  134  feet.  Fourteen  cubic  feet  of  water  per 
second  as  is  shown  above  appears  to  be  the  maximum  which  with 
close  regidation  can  be  depended  upon  as  a  supply  from  the 
areas.  This  amount  of  water  with  134  feet  lirad  -would  provide 
180  horsepower  on  the  shaft  for  the  new  mill,  running  constantly. 

Proposkd  AVorks  for  New  ^Iill. 

21.  The  proposition  of  securing  such  a  large  percentage  of 
the  total   available  supply  from  the  areas  and   storing  say   150 
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million  cubic  feet  (124  million  to  be  available),  thoufj;li  (juire 
feasible,  will  require  the  utmost  attention  to  construction  and  reo-u- 
lation  to  ensure  success.  The  sites  for  storage  are  four  in  number, 
as  follows: 

(1)  Menzie  Meadow.  As  before  proposed,  with  a  dam,  how- 
ever, 5  feet  higher,  at  which  level  it  is  estimated  66  million  cubic 
feet  can  be  stored  above  elevation  172.0,  of  which,  after  deduct- 
ing 20%  for  evaporation,  etc,  53  million  cubic  feet  should  be 
available. 

(2)  Long  Lake.  As  before  proposed,  at  same  elevation,  and 
capacity,  viz.,  34  million  cubic  feet. 

(3)  Echo  Lake.  By  means  of  a  dam  at  the  outlet  of  Echo 
Lake,  6  feet  in  height,  66  million  cubic  feet  could  be  impounded 
in  the  250  acres  extent  above  the  present  level.  Deducting  from 
this  the  20%  for  evaporation,  etc.,  as  before,  there  would  be  53 
million  cubic  feet  available  water. 

(4)  Perch  Lake.  A  small  storage  reseiwoir  can  be  made  in 
this  locality  by  the  construction  of  a  dam  at  the  outlet  to  its  waters. 
This  dam  at  a  height  of  not  more  than  10  feet  will  impoimd  at 
least  24  million  cubic  feet,  or  say  20  million  available,  though  it 
would  not  be  necessary  unless  difficulty  were  found  in  filling  the 
other  reservoirs,  or  it  might  be  built  instead  of  raising  the  Menzie 
dam.  It  would  also  be  found  difhcidt  to  fill  a  dam  at  tins  point  if 
water  was  also  being  impounded  at  INfenzie's,  as  the  14  cubic  feet 
flow  to  the  mill  must  be  maintained. 

A  small  storage  reservoir  could  also  be  made  available  at  the 
Beaver  Meadow,  though  it  is  a  question  if  it  would  be  wise  or 
would  pay,  as  the  road  would  require  to  be  moved  east  up  the  hill, 
at  considerable  expense. 

1^0  doubt  difficulty  will  be  found  in  securing  the  storage  of 
these  waters  simultaneously,  while  at  the  same  time  maintaining 
the  adequate  sup*\oly  to  the  mill.  This  can  be  arranged  only  bv 
close  regulation  of  the  discharge  through  the  different  dams  In 
the  spring. 

22.  A  small  dam  will  be  required  at  the  western  <»utlet  of 
Summit  Lake,  so  as  to  turn  its  waters  eastward,  also  the  eastern 
high  water  outlet  improved  and  deepened  through  the  niarsh. 
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23.  The  means  of  getting  the  available  water  to  the  mill 
will  require  considerable  work,  and  comprises  the  main  part  of  the 
expense  of  the  project. 

Echo  Lake  lies  nearly  200  feet  above  Long  Lake,  the  brook 
outlet  being  very  rapid,  and  falling  into  Ronnd  Lake  some  23 
feet  below  the  level  of  Long  Lake.  Consequently  to  ^^ecuro  the 
waters  of  Echo  Lake  for  power  purposes,  a  conduit  will  lie  re- 
quired from  some  point  on  this  brook  such  that  the  water  may  be 
carried  over  to  Long  Lake.  The  proposed  location  of  this  is  sho^vn 
in  the  general  plan,  and  is  about  2,400  feet  in  length,  following 
around  the  base  of  the  hill  which  is  more  or  less  rockv.  This 
will  necessitate  the  construction  of  a  small  flume  rather  tlian  of  a 
ditch,  although  part  of  it  might  be  ditched.  A  ditch  or  flume 
of  about  2.5  square  feet  wet  cross  section  should  be  suflicient  with 
the  grades.  The  water  may  be  caught  at  the  Echo  Lake  Brook  by 
a  small  log  dam  at  the  outlet  of  the  lake  above.  The  construc- 
tion of  the  latter  dam  is  recommended  at  least  a  year  b(}fore  its 
water  will  be  required. 

The  Menzie  dam  being  the  lowest  point  on  the  storage  areas, 
should  be  specially  arranged  with  regulating  gates,  easily  ojicrated. 
Irrespective  of  the  level  of  the  water  in  this  reservoir  its  discharge 
should  at  all  times  be  delivered  to  the  head  bay  immediately  below 
the  dam  at  an  elevation  of  172.0  so  as  to  provide  the  drawing  out 
of  all  the  water  above  the  dam.  From  this  point  to  the  pro]iosed 
forebay  above  the  mill  is  about  9,400  feet,  following  the  course  of 
the  proposed  flume  and  ditch  line  as  shoA\ni  on  the  contour  plan. 
This  conduit  is  proposed  at  a  grade  throughout  of  about  0.20%  or  1 
foot  in  500,  with  a  wet  cross  section  of  about  6  square  feet;  in  ditch, 
in  earth  and  gravel  the  water  would  be  about  18  inches  deep,  the 
bottom  width  2  feet  and  slopes  1  to  1/^,  while  in  flume  the  width 
could  be  3  feet  and  depth  of  water  18  inches.  Thc-^e  dinuMi-'inns 
would  discharge  14  cubic  feet  per  second  at  the  iiiill. 

There  are  at  leas^t  two  points  where  the  water  will  leipiirc  to 
be  carried  by  flume,  viz.,  at  Ixoliilliard  Creek,  and  at  the  ravine  to 
the  east.  There  will  be  other  ])()ints  also  wlure  it  may  be  cheaper 
to  flume  than  blast  rock.  It  may  be  assniiied  that  of  the  0,400 
feet  total  length,  1,200  feet  would  be  flume. 
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Under  this  plan  tlie  waters  of  the  llobilliarJ  area  will  require 
collecting'  at  a  point  above  the  flume  line,  and  to  be  led  by  a  small 
ditch  or  flume  to  the  main  line.     This  could  discharge  constantly. 

The  proposed  ditch  line  will  intercept  all  water  coming  to  it 
from  the  hills  to  the  north,  but  cannot  secure  water  coming  to  the 
present  creek  bed  from  the  south.  This  water  would  be  but  little, 
but  could  be  caught  at  the  present  mill  dam  and  might  be  utilized 
in  some  manner. 

When  this  ditch  is  cut  through  sandy  or  loose  soil,  or  in 
loose  rock,  it  should  be  lined  AAnth  clay  or  clayey  gravel  to  make 
it  tight.  Difficulty  will  no  doubt  arise  in  any  case  for  the  first 
year  or  so  by  this  absorption  and  loss  by  leakage,  but  as  the  ditch 
gets  silted  up  this  will  disappear. 

24.  The  works  at  the  forebay  on  the  side  hill  above  the  mill 
should  be  of  sufficient  size  and  capacity  to  regulate  the  flow  of 
water  through  the  penstock,  deliver  the  suiiilus  over  a  spillway, 
take  care  of  ice,  brush,  leaves,  etc.  The  penstock  to  the  mill 
should  be  24  inches  diameter  steel  pipe  riveted,  and  should  be 
anchored  down  the  slope  to  the  mill. 

A  difficulty  arises  in  regulation  of  the  water  supplv  to  the 
penstock  at  the  forebay.  The  supply  coming  down  the  ditch  nmst 
necessarily  be  constant  unless  partially  shut  down  for  more  than  a 
few  hours,  consequently  provision  must  be  made  for  the  spillway 
of  surplus  water.  This  can  be  done  either  at  the  forebay  or  at  the 
mill.  If  at  the  mill  its  value  is  lost  unless  it  can  be  utilized  at 
periods  when  it  is  discharged  as  surplus.  It  is  recommended  then 
to  provide  a  small  reservoir  in  the  ravine  above  the  mill,  providing 
a  head  of  say  60  to  80  feet,  into  which  sur]5lus  water  of  a  few 
hours  shut  down  or  slack  discharge  can  be  si)illed.  This  can  be 
done  by  a  small  dam  at  slight  cost.  The  water  from  this  can  be 
carried  down  to  the  mill  and  utilizcMl  for  the  washing  processes 
and  other  work,  perhaps  to  run  the  lighting. 

'J'lie  power  at  the  mill  can  be  develoi^ed  by  an  imiiulso  wheel, 
such  as  either  the  Cascade,  Pelton  or  American  Impulse,  with  two 
or  more  nozzles,  upon  the  number  of  which  the  size  will  depend. 

The  tail  water  can  be  disposed  of  without  difficulty  as  there  is 
a  good  fall  to  the  York  Eiver. 
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25.  The  following-  is  a  recapitulation  of  the  proposition  foi 
the  new  mill: 

Water  provided — 14  cubic  feet  per  second. 
Available  water  stored — 140  million  cubic  feet. 
AVorkini;-  head — 134  feet. 
Available  on  shaft — 180  horsepower. 

Final. 

26.  It  has  been  found  that  as  the  timber  is  cut  off  and  the 
country  cleared  near  the  sources  of  streams,  the  yield  of  water 
decreases.  This  affects  the  rui^-off  as  the  evaporation  is  more  likely 
to  increase.  In  the  present  instance,  however,  it  is  not  expected 
that  the  g'eneral  conclusions  would  be  affected,  as  the  district  can- 
not be  said  to  be  heavily  wooded,  and  the  Avater  coming-  down 
more  readily  in  the  spring  would  be  caug'ht  by  the  dams. 

27.  The  advantage  of  having  the  mill  near  the  present  de- 
posit of  ore,  which  is  the  best  of  those  owned  by  the  company,  is 
considerable,  and  if  a  new  mill  of  large  capacity  were  built  in  the 
])ropo3ed  location,  no  risk  will  be  run  with  regard  to  the  power. 
If  some  years  hence  it  were  found  that  the  available  water  collect- 
ed from  all  sources  failed  to  a  serious  degree  by  climate  changes 
in  rainfall,  or  by  the  clearing  of  land,  power  can  be  obtained  by 
electric  transmission  from  sources  elsewhere. 

The  writer  understands  that  a  considerable  power  is  available 
at  Palmer's  Rapids,  on  the  Madawaska,  6  miles  below  the  mill, 
and  that  other  powers  now  owned  by  the  company  exist  20  miles 
up  the  York  River,  distances  which  are  quite  feasible  for  electric 
transmission.  These  powers  will  no  doubt  be  developed  in  the 
near  future  in  any  case,  for  other  pui'poses,  such  as  for  miniua 
and  electric  railway,  which  is  already  talked  of  in  the  locality  to 
connect  with  railroads  to  the  south. 
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Ill  attempting  a  description  of  the  vast  country  to  our  north, 
which  has  been  not  inaptly  termed  "  Our  Northern  Heritage,"  tlie 
writer  proposes  to  confine  himself  exclusively  to  the  more  unknown 
portion,  north  of  the  "  Great  Divide,"  between  the  waters  flowing- 
south  to  the  St.  Lawrence  system,  and  those  draining  into  Hud- 
son's Bay,  whose  southern  boundary  is  roughly  determined  by  the 
Canadian  Pacific  Railway.  The  enormous  extent  of  this  territory 
precluHes  anything  in  the  nature  of  a  thorough  investigation  in  a 
paper  of  this  character,  and  necessitates  a  statement  rather  than  a 
discussion  of  the  facts.  I  will,  therefore,  endeavour  to  present  in 
as  brief  and  concise  a  manner  as  possible,  an  account  of  the  district, 
its  nature  and  resources. 

Regarding  the  region  from  a  geographical  standpoint  it  may. 
like  ancient  Gaul,  be  divided  into  three  parts.  Roughly  parallel 
to  the  C.  P.  R.,  a  rocky  belt  traverses  almost  the  entire  district 
from  the  Ottawa  river  to  the  Manitoba  boundary.  To  the  north 
of  this  in  the  eastern  portion,  a  clay  area,  in  shape,  a  rough  triangle, 
extends  from  Temiscamingue  and  Abitibi  to  the  Mis^anabie  river. 
Arable  land  also  occurs  in  the  valley  of  the  Kaministiqua  river 
to  the  west  of  Thunder  Bay,  and  in  several  parts  of  the  Rainy 
River  District.  From  the  northern  boundary  of  the  clay  land, 
which  in  the  Moose  river  basin  coincides  roughly  with  the  northern 
limit  of  the  Archean  rocks,  to  the  bay,  lies  an  enormous  swaui]i 
area,  practically  devoid  of  timber  except  small  scrubby  spruce  and 
tamarac,  and  underlaid  by  pal;>iOzoic  rocks  of  Upper  Silurian 
and  Devonian  age- 

The  northern  boundary  of  the  rocky  belt  follows  the  eastern 

bank  of  the  ]\fontreal  river  from  Lake  Temiscamingue,  and  crosses 

the  Nipissing-Algoma  boundary  line  at  a  point  about  one  hundred 

and  twenty-four  miles  north  of  the  C.  P.  R.     It  then  is  roughly 
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traced  by  jSTiven's  Base  Line  Lat.  48.°  27'  54"  to  the  Missanabie 
river.  Here  it  bends  to  tlie  nortli  and  areas  of  clay  occm-  on  the 
Ka-hina  Kagami  and  Keno.^ami  rivers  to  the  west,  whose  southern 
limits  probably  represent  its  continuation-  Tarther  to  the  west- 
ward rocky  country  generally  prevails  to  the  Eainy  Paver  District. 
Rocky  areas  also  occur  farther  north  in  some  parts,  the  most  im- 
portant being  a  ridge  of  considerable  elevation  forming  the  Height 
of  Land  between  the  Abitibi  and  the  water  flowing  south  to  the 
Quinze.  The  principal  fornuitious  in  this  district  are  the  Lauren- 
tian  and  Huronian,  widely  spread  throughout  the  whole  region  and 
consisting  mainly  of  gneisses  and  green  s<:'hists,  and  the  Animikie 
or  Nipigeon  series  in  the  vicinity  of  Thunder  Bay.  Cambrian 
rocks  occur  to  the  north-west  of  Sudbury,  nud  a  small  area  of 
ISTiagara  Limestones  and  Dolomites  is  found  to  the  north  of  Lake 
Temiscaming-ue  and  on  some  islands  in  the  same  lake. 

It  is  in  this  region  that  the  economic  minerals,  and  to  a  large 
extent  the  timber  of  Greater  Ontario  are  to  be  found.  Valuable 
finds  of  iron,  nickel,  copper,  zinc,  gold  and  silver,  all  of  which  are 
mined  farther  south,  are  reported  from  the  northern  portion  of  the 
district,  but  as  little  or  no  work  has  been  done  up  to  the  present 
time  nothing  very  definite  as  to  the  extent  of  the  deposits  can  be 
said  except  that  the  most  promising  surface  showings  occur  in 
many  parts. 

The  timber  of  the  district  is  a  less  doubtful  quantity.  "Wliite 
and  red  pine  occur  up  to  Lake  Abitibi  in  the  east,  but  nowhere 
else  east  of  Lake  Superior  is  it  found  so  far  north.  In  the  Rainy 
River  District  it  is  abundant  in  the  south,  and  is  found  sparingly 
as  far  north  as  Lac  Seul.  Banksian  or  jack  ]V]}m\  white  and  black 
spruce  and  tamarac,  poplar,  balm  of  gilead,  white  and  red  birch 
and  cedar  occur  everywhere  throughout  the  district,  jack  pine 
being  usually  found  on  the  sandy  ground,  spruce  and  tamarac  in 
wetter  country,  and  tlu^  others  along  the  banks  of  rivers.  Fire  has 
played  great  havoc  in  the  timber  of  this  district,  especinlly  in  those 
parts  adjacent  to  the  railway,  and  unless  the  trei^s  are  protected  by 
nature  in  some  way  they  are  usually  burned  before  maturity. 

The  northern  limit  of  \hv  clay  belt  cannot  be  well  defmed,  as 
it  is  impossible  to  draw  a  sharp  line  of  demarcation,     d'ood  land  is 
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found    o-enerally  as  far   north  as   Lat.  49^  15',  on  the   Xipi?sm^'- 
Algonia    line,  beyond    which  it  gradually  merges   into  muskeg. 
Farther  north  small   areas  of  arable   land   occur,  usually  in  the 
neighbourhood  of  rivers,  but  generally  the  conntr\,'  is  unfit  for  culti- 
vation. 

Everywhere  in  this  district  the  common  garden  vegetables, 
potatoes,  cabbages,  cauliflowers,  etc,  mature  without  difficulty. 
Every  Hudson's  Bay  Post  has  its  garden,  and  the  officers  of  the 
Company  raise  with  little  trouble  such  green  stuffs  as  they  require. 
Except  in  the  Temiscamingue  and  the  Rainy  River  Districts, 
cereals  have  not  been  seriously  attempted,  but  there  is  no  reason  to 
suppose  that  in  the  southern  parts  of  the  country  they  could  not 
be  cultivated  with  as  much  success  as  in  districts  to  the  west  in  the 
same  latitude.  Barley  has  been  grown  at  Moose  Factory,  but  its 
ripening  cannot  be  depended  on  as  severe  frosts  frequently  occur 
early  in  the  autumn  and  sometimes  even  during  the  summer 
months.  Farther  south  the  crops  would  be  much  safer,  as  low  tem- 
peratures are  the  exception  rather  than  the  nile.  In  the  past 
summer  the  thermometer  did  not  fall  below  the  freezing  point 
from  June  1st  to  Sept.  8th  in  the  region  north  of  Lake  Superior, 
and  I  was  informed  by  the  officer  in  charge  of  Long  Lake  House, 
which  is  situated  about  eighty  miles  north  of  Jackfish  Bay,  that  it 
was  a  fair  average  summer  as  far  as  the  temperature  was  concerned. 
The  timber  in  this  region  is  similar  to  that  further  south, 
being  mainly  spruce,  tamarac,  jack  pine,  poplar,  birch,  balm  of 
gilead  and  balsam.  The  trees  sometimes  attain  a  diameter  of  thirty- 
six  inches  but  the  average  of  the  larger  sort  is  not  above  fifteen. 
The  cmmtry  has  been  burned  everywhere  except  near  water  and 
the  second  gi-owth  is  verj^  thick,  so  that  the  majority  of  the  trees 
liave  not  an  opportunity  to  mature.  Along  the  rivers  and  on  the 
lake  shores  the  timber  is  larger  but  h.as  a  ten<loncy  to  be  verv- 
knotty  and  twisted. 

ATorth  of  the  clay  region  the  country  becomes  more  swampy 
and  finally  merges  into  open  muskeg,  often  as  bare  as  the  prairies 
of  the  west  for  many  miles,  the  only  break  in  the  landscape  being 
a  few  clumps  or  ridges  of  small  stunted  spruce  and  tamarac.  The 
surface  of  the  countrv  is  covered  with  moss  many  feet  thick,  which 
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often  stretches  across  large  areas  of  water,  lying  on  its  surface  like 
a  blanket  and  quivering  under  every  footstep.  Drv'  land  seldom 
occurs  except  in  the  immediate  neighborhood  of  running  water, 
where  clay  banks  rise  up  like  dykes  and  separate  the  rivers  from 
the  swamp.  On  these  banks  the  only  large  timber  is  found,  usually 
in  a  belt  not  over  a  few  chains  in  width  and  frequently  even  less. 
In  many  cases,  where  the  river  banks  are  upwards  of  thirty  feet 
above  the  water,  open  muskeg  occui*s  within  a  hundred  yards 
of  the  stream. 

In  the  spring  the  rivers,  Avliose  water  volumes  are  subject  to 
enormous  variations,  often  ovei'flow  the  banks,  and  during  the  dry 
season  the  extreme  flatness  of  the  country  prevents  an  adequate 
drainage.  This,  in  addition  to  the  water  formed  bv  the  snow  melt- 
ing over  such  large  areas,  largely  ae<:ounts  for  the  swampy  nature 
.  of  the  country. 

The  character  of  the  rivers  alters  greatly  innnediateiy  upon 
entering  this  region.  In  the  south  they  are  usually  swift  jlowing 
streams  with  abnipt  descents  over  ledges  of  rocks,  but  in  the  great 
muskeg  district  they  cut  wide  channels  for  themselves,  since  the 
erosion  of  the  soft  banks  is  much  more  rapid  than  that  of  the 
bottom — which  is  usually  flat-lying  limestone  strata.  As  a  result 
the  great  rivers  entering  James'  Bay  have  strong  heavy  cun-ents 
and  are  wide  but  very  shallow.  The  Moose  at  the  mouth  is  about 
two  miles  in  width,  but  the  depth  is  seldom  greater  than  a  few 
feet;  and  the  Abitibi  can  be  crossed  on  foot  in  places  where  its 
width  exceeds  half  a  mile.  No  portages  occur  on  the  Abitibi  for 
about  50  miles  from  its  junction  with  the  Moose,  and  the  uaviiiu- 
tion  of  the  Moose  is  uninteiTupted  for  considerably  over  a  hundred 
miles,  and  that  of  the  Albany  for  over  two  hundred.  Kumerous 
smaller  streams  show  similar  characteristics,  which  demonstrates 
the  flatness  of  the  whole  region.  These  rivers  are  all  very  sensi- 
tive with.  regaixJ  to  water  volume.  Nominally  the  streams  flow  over 
flat-lying  rocks  and  have  sloping  banks  covered  with  alders  and 
"  blue  joint,"  cro^vning  the  banks  are  fringes  of  timber,  which 
mark  the  high  water  level,  usually  many  feet  above  the  stream  in 
the  autumn.  At  New  Port,  about  one  hundred  miles  up  the 
Abitibi,  accurate  measurements  showed  the  spring  level  of  the 
water  to  be  thirty  feet  above  the  river  in  September- 
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The  only  minerals  of  economic  importance  in  the  district  are 
gypsum  and  lignite  coal-  The  fonner  occurs  in  large  quantities 
on  the  French  river,  a  tributary  of  the  Moose,  and  also  on  the 
]\Ii9sanabie,  and  a  bed  of  the  latter  crosses  the  Abitibi  at  the  Black- 
smith's Rapids  about  thirty  miles  above  the  Moose.  Lignite 
also  exists  on  Coal  river,  a  tributary  of  the  Missanabie.  Though 
not  extensive  these  dq^osits  are  important  as  proving  the  existence 
of  lignite  in  the  region,  and  it  is  possible  that  future  exploration 
may  reveal  large  quantities  of  this  mineral.  An  analvsis  of  the 
coal  from  the  Abitibi  deposit,  by  W.  A.  Parks,  Ph.  D.,  gave: 

Pixed  carbon,  50.408  p.  c. 

A^)latile  matter,  38.63  p.  c. 

Moisture,  8.016  p.  c. 

Ash,  2.945  p.  c 

Heating  power,  6995  cal. 

Perhaps  this  region  is  most  important  as  a  source  of  peat. 
It  is  claimed  that  the  moss  of  the  muskegs  v^rhen  decomposed  forms 
peat  of  an  excellent  quality,  and  if  this  is  the  case  the  A^^alue  of  our 
Avild,  useless  swamp  lands  is  inestimable.  The  muskegs  of  value 
from  this  standpoint  are  very  widely  spread  throughout  the  whole 
of  Greater  Ontario.  Large  areas  occur  in  the  Rainy  River  District 
and  eastward  to  the  gTeat  muskeg  region  in  the  basins  of  the  Lower 
Moose  and  Albany  rivers. 

It  seems  probable  that  the  water  power  now  being  wasted 
throughout  the  whole  of  Greater  Ontario  will  be  a  veiy  potent 
factor  in  commercial  industries  of  all  kinds  when  the  country  is 
o])ened  up.  Few  countries  are  better  supplied  with  natural  power 
than  this  district.  The  number  of  rivers  of  large  size  with  prac- 
tically an  unlimited  water  supply,  and  having  usually  very  abrupt 
descents  is  sufficient  in  itself  to  guarantee  that  abundant  power 
can  be  developed  to  supply  all  the  needs  of  the  country. 

In  conclusion  is  appended  a  list  of  what  may  be  regardeti  as 
the  more  important  resources  of  the  country,  and  also  a  table 
showing  the  mean  monthly  temperatures  at  Moose  Factory  during 
1878  and  1879. 
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Minerals  . 
Coal. — Deposits  of  Lignite  on  Coal  and  Abitibi  rivers. 
Gold. — Found  on  Sturgeon  Lake,  Lake  Seul,  Lake  Miuuetakie  and 

other  points  in  the  Rainy  River  District.     Along  the  north 

shore  of  Lake  Superior  and  in  parts  of  soutliern  Algonia 

and  Xipissing-. 
Silver. — Found  at  several  points  along  the  north  shore  of  Lake 

Superior. 
Iron. — North  shore  of  Lake  Superior  and  in  parts  of  the  Rainy 

River  District  and  in  southern  Algoina  and  ^'  ipissing. 
Copper. — Same  localities  as  iron. 

Graphite. — Found  in  some  districts  north  of  Lake  Superior. 
Zinc. — I^ortli  of  Lake  Superior. 
Nickel. — Reported  in  districts  north  of  Sudbury. 
Anthraxolite. — Found  in  districts  north  of  Sudbury. 

Timber. 

White  Pine. — North  of  the  Temagamingue  country,   an<l  about 

the  head  waters  of  the  Mattagami,  also  in  the  luimv  liiver 

District. 
Red  Pine. — Same  "as  white  ])ine. 

Black  Spruce. — Veiy  conuuon  throughout  tlie  whole  district. 
AVhite  Spruce. — Found  everywhere  but  less  conuuon  than  black 

spruce. 
Banksian  or  Jack  Pine. — Common  everywhere  on  llu-  more  saudy 

soil. 
Tamarac. — Common   throughout  the    whoh^   district   especiallv   in 

swampy  parts. 
Poplar. — Common  on  clay  laud  aud  near  water- 
Balm  of  Gilead. — Same  as  poplar. 
Birch- — ConHiu>u    throughout    the   whole  district,   fomid   in  s;unc 

localities  as  poplar. 
Balsam. — Common  on  clay  laud  and  near  water. 
Cedar — Occurs  throughout  district,  generally  iu  swam))s  or  lunir 

water. 
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White  Elm. — Found  sparingly  in  Eainy  River  District  and  in  the 

more  southern  parts. 
Black  Ash. — Occurs  occasionally  in  the  south  and  is  of  small  size. 

Fur  and  Game. 

Black  Bear. — Common  in  certain  localities. 

Polar  Bear. — Occasionally  seen  about  Moose  Factory. 

Moose. — Common  in  the  more  southern  parts  and  in  the  Rainy 

River  District,  rare  north  of  Lake  Superior. 
"Woodland  Cariboo. — Comm.on  in  most  parts  except  in  the  wetter 

muskegs. 
Beaver. — Common  in  most  parts. 
Fox. — Common  throughout  the  district- 
Otter. — Common  in  most  districts. 
Marten. — Common  in  most  districts. 
Mink. — Common  in  most  districts. 
Fisher. — Common  in  most  districts. 
Weasel. — Common  in  most  district3. 
Musk-rat. — Common  in  most  districts. 
White  Whale. — James  Bay. 
Lake  Trout. — Common  in  larger  lakes. 
Sturgeon. — Found  in  some  of  the  larger  lakes  and  rivers. 
Brook. — Common  in  many  streams. 

Pike. — Very  common,  found  in  nearly  all  lakes  and  rivers. 
Pickerel. — Common. 
Sucker. — Common  everywhere. 
White  Fish. — Found  in  many  lakes  and  streams. 
Ducks. — Many  varieties  found  evervwhere  in  the  district- 
Oecse. — Common  in  the  district  though  only  in  the  spring  nnd  fnll- 
Partridge,  Grey  and  Spruce. — Common  everywhere. 
Prairie  Chicken. — Common  in  parts  of  the  Rainy  River  District, 

and  said  to  be  coming  east  along  the  burnt  land  about  the 

C.  P.  R. 
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Table  showing  mean  monthly  temperatures  at  Moose  Factory. 


Months. 


January 
February  . 
March    .  .  . 

April 

May    

June 

July 

August  .  .  . 
September 
October.  .  . 
November. 
December . 


Temperatures  Fahrenheit 
1878,  1879. 


—  1.07^ 

—  3.92 

i3.7r 

—  6.72 

20.39° 

12.08 

35.59° 

24.19 

47.32° 

39.95 

57.04^ 

50.24 

66.91° 

60.26 

62.99° 

57.78 

51.66° 

48.98 

40.94° 

45.14 

26.48° 

20.80 

7.57° 

—  11.20 

THE    MADISON    DRAW^    BRIDGE    AT    PORTLAND,    OREGON. 


By  H.  G.  Tyrell,  C.E.,  '86, 


Designing  Engineer  for  Boston  Bridge  Woi'ks. 

The  following  bridge  work  is  believed  to  be  a  t3^pical  ease  of 
first-class  American  Draw  Bridge  practice,  and  it  is  offered  to  the 
Engineering  Society  with  the  hope  that  it  may  be  useful  and 
interesting. 

My  calculations  and  strain  sheets  are  given  in  full  in  the 
order  that  they  were  made. 

In  October,  1899,  the  City  of  Portland  advertised  for  designs 
and  bids  for  a  highway  and  double  track  street  railwa}^  bridge  to 
cross  the  Willawette  River  at  Madison  Street,  the  bridge  to 
replace  the  wooden  one  then  in  place. 

The  new  bridge  to  consist  of  one  steel  swing  span  316  feet 
long,  and  a  width  of  25  feet  centre  to  centre  of  trusses,  and  a  total 
width  out  to  out  of  hand  rail  of  40  feet,  and  seven  Pratt  combina- 
tion fixed  spans  of  190  feet  in  length  each,  and  the  same  width  as 
the  swing  span.  The  whole  to  be  designed  according  to  Thatcher's 
specification  of  1894,  with  the  following  conditions : 

Concentrated  Live  Load — 2  electric  cars  coupled,  on  each 
track,  weighing  20  tons  each,  or  15- ton  road  roller. 

Uniform  Live  Load — 100  pounds  per  square  foot  all  over. 

Roadway  Floor — 5-in.  wood  paving  block  on  3-in,  plank,  laid 
with  A-in.  open  joints,  on  6  x  8  joist  laid  cross-wise  of  bridge  2|^-ft. 
centres.  All  the  above  supported  on  steel  stringers  about  5 -ft. 
apart. 

Sidewalk  Floor — 2-in.  plank  on  wood  joist. 

Roadway  will  be  crowned  3  ins.,  and  have  cast  scuppers  in 
alternate  panels  on  each  side.  Wood  paving  blocks  4  in.  x  8  in.  x  4  in- 
boiled  in  asphalt. 

Material — Lateral  rods,  iron  ;  drum  and  loading  beams,  soft 
steel ;  balance,  medium  steel. 
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Unit  Stresses — Tension  Only. 
Chords,  Ties,  Counters,  and  Long  Suspenders — 
Wrought  Iron.  Soft  Steel.  Medium  Steel. 

9400I1  .  ^'^:\  lOSOojl  -r  ^  11700J1  ^  ^^l 

I         Max.)  I         Mcix.J  (  Max.) 

Plates  and  Shapes — 

8500|l  -.  ^^-l  9700 1 1  4-  ^1  10500 1 1    ,    MH^) 

I         Max.)  i  Max.!  i  Max.j 

Tension  Flanges  of   Built   Beams  Girders,  Same  Gross  Area   as 

Compression    Flanges. 

Floor  Beam  Hangers  through  pin  holes — 

Wrought  Iron.  Soft  Steel.  Medium  Steel. 

6800  7800  8400 

Lateral  Rods 20000  23000  25000 

Compression  Only. 

Flat  Ends  10750-899-       12500-500  13750-577- 

r  r  r 

One  flat  &  one  pin  10750-444-       12500-556-       13750    642- 
^  1  r  r 

Pin  Ends 10750-489-       12500612  13750707-!^ 

r  r  r 

Lateral  Struts,  add  25%  to  above  units  for  pin  ends. 

1  =  length  of  member  in  feet. 

r=least  radius  of  gyration  in  inches. 

For  top  chords  the  stresses  per  square  inch  due  to  weight  of 
member  will  be  deducted  from  the  above  unit  stresses. 

The  reduction  for  chords  flat  at  one  end  being  one-half,  and 
for  chors  flat  at  both  ends,  one-third  of  the  amount  for  membei*s 
with  pin  ends. 

No  allowance  will  be  made  for  wind  stress  combined  with 
stress  from  dead  and  live  load,  unless  the  combined  stress  exceed.s 
by  50  per  cent,  the  stress  from  dead  and  live  load  only,  in  which 
case  the  combined  stress  will  be  used  with  a  unit  stress  50  per 
cent,  greater  than  above  given. 

Girdet's. 
In  the  compressed  flanges  of  beams  and  girders,  the  allowed 
stress  per  square  inch  shall  not  exceed — 


MADISON    STREET    DRAW    BRIDGE    AT    PORTLAND,    OREGON.  91 

Wrought  Iron.       Soft  Steel.     Medium  Steel. 
For  riveted  girders,  9400  10800  11700 

1+.0288,-  l  +  .02S8r^  l  +  .0288r^ 

b-  b-  b- 

For  rolled  beams,  10000  11500  12500 

1  +  .0288,-'  1  K0288p^  l  +  .0288r^ 

b-  b-  b- 

l  =  unsupported  length  in  feet. 

b  =  width  of  flange  in  inches. 

Floor  beams  and  stringers  will    be    considered    unsupported 

between  end  bearing. 

AlteTnate  Tension  and  Compression. 
For  the  greater  stress — 

(  max.  less        )  _  rvr>r.r.  ^  ^  max.  less       ^ 

9400  '  1—  ^ — -  10800   1    - — -  ' 

(  2  X  max.  greater)  i  2  max.  greater  ) 

llTOoll  -     ,    """'^^^      I 
(^  2  max.  greater  i 

For  compression  only  use  compression  formula. 
Use  the  one  giving  the  greatest  area  of  section. 

Combined  Stress. 

A  member  subject  to  transverse  stress  in  addition  to  the  ten- 
sion or  compression  due  to  its  position  shall  be  considered  as  a 
beam  of  one  panel  length  supported  at  the  ends,  for  section  in 
centre  of  panel,  and  fixed  at  ends,  for  sections  at  ends  of  panel. 
The  member  will  be  proportioned  to  sustain  the  algebraic  sum  of 
the  stresses  resulting  from  direct  compression  or  tension  and  the 
transverse  loading  in  which  the  allowed  stress  per  square  inch  will 
not  exceed — 

Wro't  Iron         Soft  Steel  Med.  Steel. 

At  centre  of  panel 10000  11500  12500 

At  end  of  panel  12500  14400  15000 

On  pins  and  rivets  shearing      9000  lOOOd  11000 

(Jn  webs  of  girder  6000  7000  7500 

Diam.   of  pins  and  rivets 

bearing 15000  17000  19000 

Extreme     fibre     of     pins 

bending    20000  23000  25000 


92         MADISON    STREET    DRAW    BRIDGE    AT    PORTLAXD,    OREGON. 


Field  rivets  will  liave   25  per  cent,   excess   section   over   the 
above  requirements. 

Timber. 
Fibre  stress  1200  pounds  per  square  inch. 

Flat  ends 1075    112 

One  flat  and  one  pin  1075  -  1 25 

Pin  ends  1075188 

< 

1  =  length  of  member  in  feet. 
d  =  least  diameter  in  inches. 

Shearing — Sliding   the  grain  =     130  pounds  per  square  inch. 
Direction  of       "     =  1200 
Perpendicular    "      =    300  " 

Wind  Bracing — Bottom  lateral  bracing  will  be  proportioned  to 
resist  a  uniformly  distributed  moving  force  of  300  lbs.  per  lineal  foot- 
Top  lateral  bracing  to  resist  a  uniformly  distributed   moving 
force  of  150  pounds  per  lineal  foot. 

Track  Stringer. 
Steel,  21  feet  long,  about  5  feet  apart. 

5  X  21.1'  X  100 
= =  25326  foot  pounds. 


M  uniform  live 


M  from  road  roller  -  5456  x  8  =  43648  foot  pounds. 


0 

n 

t 

v 

'      8j 

II ' 

2. 

< 

2/.  1 

> 

*?fe. 


t     ^'     , 

0 

5         > 
Fia  Z 

I 


Fig-  I 

For  dead  moment,  a.ssume  weights  as  follows: 
4-in.  paving  (a  5  lbs.       =       20     lbs. 
3-in.  plank  (a  3^    "  =       10.1    "     j-in.  open  joints. 

Rails 4.      " 

Steel 9. 

6  X  8  cross  joist  2^  ft.  c  to  c.     5.6    " 


48.7    "  per  s<].  ft. 
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487  X  5  X  21.1' 
Then  M  dead  =  ^^^ ^ —  =13551  ft.  lbs. 

Mlive  43648     " 

M  total  =  57199     " 

Try  riveted  stringer — 21  ft.  long,  unsup- 
ported sideways  4  angle's  5  x  3  x  j%  1  PI- 


U 


Allowable  stress  per  square  inch 
11700 


P 
1  +  .02883-, 


=  10430 


Fjct  3. 


T>       •     1  1     .1     f      1       57199  X  12      ^^^, 

Required  depth  ot  web  =  _ -^ ...  , — ,  =  13.71 

^  '  10430  X  4.8 

Distance  back  to  back  =  13.71  ■-  2  (.68)  =  15.07  inch. 

Weight  per  lineal  ft.  =  45.55  lbs. 

Try  beam  stringer,  21   ft.  long,  unsupported  sideways,  floor 

support  not  considered. 

12500 

Allowable  stress  per  sq.  in.  = ,-,  =  8800  lbs. 


P 

1  +-  .0288- 
d- 


Kequired  S  - 


,57199  X  12 
8800 


=  78.      S  for  18  in.  I  (a  55  lbs.  =  88. 


Try  beam  stringer  braced  sidewaj's,  10  ft.  between  supports. 
Allowable  stress  per  square  inch  =  11400  lbs. 

57199  X  12 
Required  S  =        , ,  ,^^        =  60.2       15  in.  I.  @  45  lbs.  will  do. 


11400 


Te_iLSift 


Tgc;ss 


F\Cr   4. 


I     f f\tHEL    '  111         > 
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Weight  of  sirinoer  l)racin<i;  for  2  beams  : 

4  anoles  2i  X  21  X  ix7 112  lbs. 

5  pis.  8  X  f  X  1  ft,.  -  3  ins 40    " 

5  angles  '2h  x  2^  x  ^  x  1  ft.  -  8   ins.  25    " 

"  ()U  rivets  20    " 

197    " 
For  1  beam  =  98.5  lbs.  =  4.7  lbs.  per  ft. 
Beam 45.0     "  '       " 


Total 49.7      • 

Comparative  economy  of  3  stringers : 
Built  stringer,  45.55  lbs.  (ri.  .0267c.  per  lb.  =  1.2282c. 
18  in.  I  @  55  lbs.  (f/)  .0247c.  per  lb.  =  1.8585c. 

15  in.  I  @  45  lbs.  (<f  .0237c.       "  =  1.0665c. 


Bracing   4.7  lbs.  (3  .0275c. 


.r292c. 


-  Use  this. 


1.1957c 


I     Pfl  NCL    •»  l/.l 


0 

0 
5h 

'       3> 

// 

x' 

Fia  5. 


Side   stringer.     M   uniform   live  = 


8  X  21.1'  ^  100 

8 


=  16580  ft.  lbs. 


]\1   from  road  roller  ^  3990  ^  8  =  31920  ft.  lbs. 

Dead  load  per  lin.  ft.  on  side  stringer.     (See  sectitin.) 
Paving,  20  ^  2\] 

8-in.  plank,   10.1  ^  2i[  =  80.8  lbs. 
6  X  8  joist,       5.6  X  2i  I 

Steel 40.        ■ 

Guard    10.5      ' 

Walk  plank 7.       " 


137.8 
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187.8  X  21.1  = 


Then  M  dead 


.S 


=    7668  ft.  lbs. 


Mlive =31920       " 

M  total    =  39588 

Required  S. 

,.     39588  X  12 
Unsupported  21  rt.  ^ =  o-t. 

15  in.  I  (a,  42  lbs.  lias  S  =  58.9  which  use. 
Walk  stringer  2  ft.  apart. 

Load,  live =  100  lbs.  per  sq.  ft. 

dead     15  " 


Total  115 

Total  load  on  striui^er  =115x2x91=  4830  lbs.,  use  4  x  14. 
For  outside  strino-er  with  half  load,  use  3  .\  14. 


F  la  6. 
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Floor  Beam. 

Dead  load  at  Y  =  \\  x  48.7  ^  21.1  =  4621  lbs. 
I  =  5    X  48.7  X  21.1  =  5137    " 


« 
• 

* 
1          1 

% 

N-.i 

S 

II               1  '3 
Z 

3I- 

//             ^ 

z./ 

^/  /    FlQ? 


a/./ 


X, 


1^ 

IV 

ft 

0^ 

> 

'                 1 

X                 2.               2-             1 

H- 

•s- 

i^     1 

r 

•  V7     « 

->. 

1 

/iz. 


ft.  lbs. 

Mat  0  =  1138^8  + 705x12 -51820  XI  =  34260 

"    1^  =  1138x12  +  705x24  +  9207x4-51820x5  =191700 

"    1  =  1138  X 17  +  705  X  39  X  9207  x  9  + 19420  x  5-51820  ^  10=291413 

Max.  shear— R  O  =  48570 

O  Ij  =  39360 

Ii  I  =  19940  for  2  tracks. 

I^  C  =    9000  for  1  track. 

291413  X  12 


Required  flansfe  area  at  1  -  ,.  ,      ,rw,^^ 
^  "  40.1  ><  10450 

Angles    6  X  4  X  -^^  =  8.36  sq.  in.  gross. 


8.34  sq.  in.      Use  2 


„       .     ,  ,     „     ,  T        191700  X  12      ._.  .     ,         ^.    .. 

Required  depth  at  1,  =  ,^,^^ rTT7r=  -6.2  inches  enective. 

*  '  ^     10450  X  8.36 

26.2  ^  1.90  =  28.1  back  to  back. 
Bottom  flange  area  will  be  same  as  top. 
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Walk  Bracket. 

M  -  2500  X  1  +  4905  x  8  +  2500  -  7  - 

*7f 


700  X  7J  =  64490  ft.  lbs. 
64490 


Flanpfe  stress  - 


FiCt  ^ 


1.8 


-=  35800  lbs. 


Flange    area    required  =        ^  =  o.l4 

square  inches. 

Use  .4  angles  ^  >'  2i  -  vV,  T'in-  web  plate. 

Top  Laterals. 
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F  I  <T     \o. 
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Bottom  Laterals. 
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\            / 

\    / 

< 

X  t 

'      \^ 

/  \ 

/       \ 

/ 

/              \ 

/               \ 

(            \ 

/           ^, 

/                                        \ 

/ 

it 


\.  \ 

\ 

F  I  ^     II 


Weight  of  LiiJeraU  (Half  Span). 
Upper — 

()  rods  ,;-iii.  x  ;i5  ft.  long  .     .     .     .  420 

2     "      1-in.  xBf)        '>  ....  18J) 

2     "     l^-in.  x3o     "  -     -     -     -  238 

:^     "     Ij-in.  x;35     "  ....  440 


-1287 
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Lower — 

4  rods  IJ-in.  x  35  ft.  lona' 


2 

f  ( 

If -in.  X  35 

'2 

(( 

l|-in.  x35 

•2 

" 

If-in.  x85 

2 

n 

Ig^-in.  X  35 

3 

* ' 

If -in.  X  35 

Sways- 

— 

8  1 

■ods 

1-in.  X  26  ft.  long- 

4 

" 

30       " 

4 

" 

32       " 

4 

<i 

37       " 

8 

" 

l|-in.x35       " 

476 
161 
204 
350 
420 
735 


-2436 


1628 
1176 


-2804 


2  Portals— 

8  angles  3  x  3  x  ^V  ^  27  ft.     -     -     -     1317 
24  angles  2|  x  2|-  x  ^  x  6  ft.  ] 

24       "         "         :-'.  ft. )       "    ■    "    ^^^ 

Details        --------    ggO 

4  Top  Struts— 

16  angles  U  x  2i  x  |  x  25  ft.      -     -     -     1640 
Details        -------  (^gy 

4  Portal  Brackets — 

8  angles  3  x  3  x  |  x  8  ft     -     -     -     -     -       320 
8  angles  2^  x  2^  x  I  x  3  ft.) 

4  "         "  4  ft./ ^^^ 

Details        -------         320 

6  Sway  Struts — 

24  angles  2h  x  2^  x  j  x  24  ft.     -     -     -     2361 
Details        -------        2020 


2802 


2320 


800 


3381 
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Dead  weight  per  lineal  foot  of  bridge — 

Paving  231  ft.  wide  4  in.  thick  @  5  lbs.  =        -     - 
3-in.  plank  iS^  ft.  wide  ([>  3^  lbs.  =    -     -     -     - 

6x8  wood  joist  @,  3j  lbs.  -=------- 

Rails,  80  less  28  paving     -.-.---- 

Walk  plank,  17  ft.  x2  in.  thick,  i-in.  open  joints, 
2  guards,  6x6        ..-------- 

6  joist,  4  X  14  on  walk         -------- 

2     "      3  X  14         •  -------- 

Hand  rail         .-.--------■ 

Steel  stringers         ---------- 

Floor  beams  ----------- 

Lateral  system        ---------- 

Stringier  bracing        --------- 

Trusses  (assumed)        --------- 


470 
236 
131 

52 
114 

21 

98 

24.5 

60 

264 

140.8 

100.2 

18.7 
750. 


Total  dead  weight  per  lineal  ft.  -  2479. 

■T.7i 


.^'^ 

^^ 

.,^5- 

^^ 

-^7 

fC"^ 

3^ 

-V« 

/ 

^\9          > 

y'/ 

/ 

'7       " 

V-  c 

/ 

■>A 

k 

•*'H 


*^s 


•  /'yf 


F  iCr   a 
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Trusses. 


Assume  the  following  cases  for  loading 


(1)  Dead  load,  ends  simply  touching  supports  ~j 

(2)  Live  load  synimetrical,  continuous  girder,  4  supports) 


l^Combiiie, 


(3)  Dead  load,  simple  span 

(4)  Live      " 

Case  ]. — Dead  load,  per  foot  of  bridge  =  2,479  lbs. 

"         "        "     panel,  per  truss  =  26,200  lbs. 

Case  2. — Live  load  synnnetrical,  continuous  girder,  four  supports. 


-.C^'K{> 

? 

1 

i 

-e. 

fl(k  li. 


„,  P  r...        TT       ->        r.  9.  ir       o      ,  r.   >    i^J  where  H  "^  3  +  8n 

Rl   =    --]  H  -  (H  +  2n  +  2n')  K  +  (2n  +  2n-)  K'        ^  ^^^o 

Live  load  per  lineal  foot  of  bridge  =  3,300  lbs. 
"        "       "    panel  per  truss  =  34,800  lbs. 


F ,  i<jr  14. 
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Max.  Reaction  Rl  : 

Loads  at  b  c  d  e  f  g 

c  d  e  f  g 

d  e  f  or 

e  icr 

K 


2.293  >=  34800  =  79800 
1.494  X  "  =  52000 
.888  X  "  =  30900 
.461  X  "  =  16000 
.191  X  "  =  6650 
.049  X      "      =1700 


v  /        /sTj  sA  ^. 

\/_  ■  X/'Z _\ 


f?    U.  «        i-ry-.'f^  /fv7i 


^s^    ^ 


F   1  Cr    15. 
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Max.  Reaction  Rl  : 


s  at  b 

.799  X 

34800  =  27800 

be 

1.405  ^ 

"      =  48900 

bed 

1.832  X 

"      =  63700 

b  e  d  e 

2.112  X 

"      =73500 

b  e  d  6  f 

2.244  X 

"      =  78100 

b  c  d  e  f  cj 

2.293  X 

"      =  79890 

Case  3. — Eaeh  arm  single  span.     Dead  load. 

Dead  load  per  foot  of  bridge  =    2479  lbs. 
panel  per  truss  =  26200  lbs. 


-^■i> 


F  I  q-   16. 
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Case  4.— Each  arm  single  span.     Live  load. 


F  iG-  i-| 
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TA-BLE   OF  STRESSES. 
Combine  these.  Combine  these. 


_,•>. 

1 

Combined. 

.a 

Case 

1. 

Case 

2. 

Case  3. 

Case 

4. 

Max.  Stresses 

O 

+ 

— 

S 

14 

1 

+  14 

-  67 

—  67 

—  91 

158 

2 

+  14 

—  67 

—  67 

—  91 

14 

158 

3 

+  95 

—  97 

—112 

-151 

95 

263 

4 

+  95 

—  97 

—112 

—151 

95 

263 

5 

+  195 

—  29 

—  72 

—  98 

195 

170 

6 

+  182 

—  49 

—  93 

—118 

182 

211 

7 

+  182 

—  49 

—  93 

—118 

182 

211 

8 

+  276 

+  73 

o 

o 

349 

y 

+  79 

+  21 

o 

o 

100 

10 

r  79 

+  21 

o 

o 

100 

lO.i 

—276 

—  73 

o 

o 

349 

11 

—286 

—  76 

O 

o 

362 

1-2 

—286 

—  76 

o 

o 

362 

13 

—145 

+  72 

+  100 

+  135 

235 

145 

14 

—145 

+  72 

+  100 

+  135 

235 

145 

lo 

—  48 

+  98 

^102 

+  137 

1  239 

48 

Ki 

—  48 

+  98 

+  102 

+  137 

239 

48 

17 

—  20 

+  104 

+  102 

+  138 

240 

20 

18 

—  21 

—  34 

—  21 

—  34 

0 

55 

19 

+  .52 

-  58 

—  53 

+  9 

—  81 

63 

134 

20 

+  5  2 

o 

+  5'2 

o 

5 

21 

—  80 

+  32 

—  32 

+  17 

+  51 

—  27 

68 

111 

22 

—  21 

—  L4 

—  21 

—  34 

55 

23 

+  85 

+  57 

—  12 

+  24 

+  48 

—  18 

142 

1    ^^ 

24 

0 

o 

+  5-2 

o 

5 

1 

2.5 

—  107 

+  5 

—  88 

—  52 

+  8 

—  78 

8 

1   195 

26 

—  32 

—  52 

—  42 

—  52 

84 

27 

+  119 

+  135 

+  100 

i   rl32 

254 

1 

28 

+  25 

+  25 

+  21 

i  +  25 

50 

2!) 

-t-5.2 

o 

+  5.2 

o 

5 

30 

1 

—  21 

—  34 

—  21 

—  34 

55 

31 

^137 

+  160 

+  125 

+  159 

297 

Proportioning  Mertihers. 

No.  1  and  2  +  14000,  -  158,000. 

For  alternate  tension  and  compression  unit  = 

11700 


I  ina.x.less      ]       -,,9.00  Ih.^ 

II  -  2  max.  greater] 


From  dead  weight  of  member.   ) 
Stress  per  scj.  in.  on  outer  fibre.) 


21  X  50  X  21  X  12  ^  260 

8  X  42  ^  3 
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Allowable  unit  =  11200  -  260  =  10940  lbs. 

T?       •     1        .1  158000     ^  ^  ^ 

Kequireu  sectional  area  =  -^-x— -77=  14.4  s(|.  in. 

10940 

Use  2  channels  12  in.  @  25  lbs.  =  14.7  sq.  in.  gross. 

No.  3  and  4.     Stresses  are  +  95000  and  -  263000. 
For  alternate  tension  and  compression  unit=^  9734 
Less  for  dead  weight    270 

9464  lbs.  per  s(j.  in. 

263000     „^^ 
Required  sectional  area  =     ^^^^^    =  27.7  sq.  in. 

Use  2  channels  12  in.  (a.  30  lbs.  =  18  .sq.  in.  gross. 
2  Pis.  Ufxt       -----     =    9       " 

Total     -     -     27 

No.  5.     Stresses  are  +  195000  and  -  170000. 

1  1      21 

For  all  compression  unit  is  13750      707-,  where  -=     ^^=  5. 

Hence         "         "  "       -10215  lbs. 

From  dead  weight  of  member,  stress  per 

21x90x21x12  ._    „ 

sq.  in.  on  outer  ftbre  =  «  x  50  ^^ "^         '" 

Allowable  for  direct  compression    -     -    =    9745    '"  per  scj.  in. 
For  alternate  tension  and  compression  unit  = 

11700 :    1-  -1^^-4-6282 
1         2  X  ibOOOOJ 

From  dead  weight  unit  =    380 

Total  allowable  unit     -     5902 

1^       •     1        f       1  -  195000      .^..  ^ 

iiequired  sectional  area  -     ^   ^^        33.1  sii.  in.  eross. 
^  5902  '         *' 

Use  2  channels  12  in.  @  35  --  21  stj.  in.  gross. 

2  plates  11^x^,^12       " 

33       •' 
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No.  6  and  7.     Stresses  are  +  182000  and  -  211000 
For  all  compression  unit  =  10200 
Less  from  dead  woifrjit  400 


9800 
For  alternate  tension  and  compression  unit  = 

Less  from  dead  weigflit  400    " 


6573    " 

Required  sectional  area  =  =  32.1  sq.  in. 

Use  2  channels  1*2  @  35  =  21    sq.  in.  gross. 
2  plates  12  ^  ^  12^" 

33.5  " 
Dead,  live  and  wind  for  No.  6  +  282000  and  -  281000 
"       "       "       "       "    7  +  319000  and  -  311000 
Unit  for  above  =  6573  +  (50%  of  6573)  =  9858 
282000  ^  9858  =  28.6  sq.  inches')  both  of  which  are  less  than 
319000  ^  9858  =  32.4  "         "     J      for  dead  and  live  only. 

No.  8.  Stress  is  349000  lbs. 

For  all  compression,  2  S(iuare  ends,  unit  — 

10800  lbs.  per  sq.  in. 
Less  from  dead  weisrht   -       400  "       "     "     " 


10400  "       "     "     " 

Kequired  sectional  area    -  ^  :=  33.5  sq.  in. 

Use  2  channels  12  in.  (tj  35  lbs.  =  21  sq.  in. 

2  plates  12  ^  i  12  "     " 

Total     -     -  33  "     " 

No.  9.     Stress  is   h  lOOOOO  lbs. 

1       24  1 

-     — >       7.1  Unit       13750  -  642  -  .  91S0  lbs. 

r      3.5  r 

T>       •     1        ^-       1  100000       ,^^ 

Kequired  sectional  area  ^  --       10.6  mt.  in. 

9180 

Use  2  channels  10  @  20  lbs.  -   12  sq.  in. 
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No.  10  is  same  as  No.  9. 

No.  lOi  Stresses  _  :U9000  and  -  260000. 

Unit  stress  for  all  tension  =  11,700  ]  i  +  "^  \  = 

I  max. ) 

11700-!  l.^i^^j.  20830  lbs. 
(         349,000] 

349000      ^^^. 
Required   sectional   area  -    .^^^.j     ^  lo.b  scj.  ni. 

Use  4  bars  4f  x  |  in.  =  16.0  sq.  in 

No.  11  and  12.     Stresses  are  -  362000  and  ^  271000. 

11700 1 1  +  ^^^1  -20840 
{        max.  j 

,.       .      ,  362000      ,^.. 

Required  area  -  -^dlr)       ^''^  '^'l'  '"" 

Use  4  bars  5x4-  17.5  sij.  in. 

No.  13  and  14.     Stresses  are  +  235000  and  _  145000. 
For  all  compression  unit      10800  lbs. 
Less  from  dead  weight  400    " 

10400 
For  alternate  tension  and  compression  unit  = 

„^  (  max.  less      )       onorw  n 

11700  1  - T-  \  -  8280  lbs. 

t        2max.  greaterj 

Less  from  dead  weight        380   lbs. 

7900"    " 

»       •     1         ,-1                235000      ^„  ^. 
Required  sectional  area  29.0  .s([.  m. 

Use  2  channels  12  @  35  lbs.      21  .sq.  in. 
1  Plate  18  X  i       9      " 

Total     30      " 

No.  15  and  16.     Stresses  are  239000  and  -  48300  lbs. 
For  all  compression  unit      10400 
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For  alternate  tension  and  compression  —  10620 
Less  from  dead  weioht  400 


10220 


T?       •     1         r       1  233000      ^_^ 

Kequired   sectional    area  -     ^^.^^  =22.8  s(|.  in. 

Use  2  channels  12    @  30  -  18     sq.  in. 
1  Plate  18  X  T^         5.6 

Total  =  23.6       " 

No.  17.     Stresses  are  +  240000  and  -  20000. 

For  all  compression  unit  --  8660. 

^       .     -  232000      ._^ 

Kequired  area    r  — — — —  -^  2d.»  sq.  in. 
*  oboO 

Use  2  channels  12  ([(  35  =  21. 

1  PI.  18  x|  ^    6.7 


Total      -      -      27.7  sq.  in. 
No.  18,  22,  30.     Stresses  -  o5000  and  -  19000. 

Unit  for  all  tension  =  10500 {l  +  "^|  -  14300  lbs 

I         max. ) 

T>       •     J       .•       1  53000      ^^ 

Kequired  sectional  area  =  ,  ,»,,^  =  3.7  sq.  in. 

14800  ^ 

Use  2  channels  8  @  llj  =  6.6  sq.  in.  gross. 

4.5      "      net. 

No.  26.     Stresses  are  -  84000,  and  -  32000. 
Unit  for  all  tension,  14500  lbs. 

Required  sectional  area  =  ,  ,   ^^  =  5.8  sq.  inches. 
*  14500  ' 

Use  2  channels  9  in.  (ft  13^  lbs.  =  8  sq.  in. 

No.  20  and  24.     Stress  +  5200.      Use  2    [8    (i(  11^  lbs. 

No.  19.     Stresses  are  +  63000  and  —  134000. 
Allowable  unit  ^  9160  lbs. 

If       -A       .•       1  131000      ^^^ 

Kequired  sectional  area      —       14.3  sti.  in. 

9160 

Use  2  channels  9  @  25  lbs.      14.7  sq.  in. 
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No.  21.     Stresses  are  +  68000  and  -  111300. 
Allowable  unit       7830. 

•  ,  111300      ,.,  , 
Reuuired  sectional  area        -^  ,,,        lo.l  scj.  m. 

'■  /ooU 

Use  2  channels  9  @  25  lbs.  ^14.7  sij.  in.  gross. 

No.  23.     Stresses  are  +  142000  and  -  18000. 

Unit  for  all  compression  =  7950  lbs.  per  S(|.  in. 

"      "     alternate  tension  and  compression       10900 

142000       ,^„ 
Ke(iuired  sectional  area       ~7"gK n  "       ^'■'  ^'1-  '"• 

Use  2  channels  12  @  30  lbs.  .-  LS  s(i.  in. 
No.  25.     Stresses  are  +  8000  ;iii:l  -  195000. 

Unit  for  all  t.Misioi.       11700    1  +  "—I  ^  14020  lbs. 

t  max. ) 

•  ,  195000 

Required  sectional  area    t    r-— — T       ^        '^'l'  "'' 

1 4  u  U  0 

Use  4  bars  4^  x  3.  ,    13.5  s(|.  in. 

No.  27.     Stress  =  +  254000. 

1  9H 

_  ^  —  .^  5  allowable  unit   -  10540  lbs. 

r       5.6 

.       ,  254000       ^^, 

Keriuired  sectional  area        .,.. ...        ^o  S(|.  m. 

Use  2  channels  15  @.  33  lbs.       19.8  scp  in. 
1  Plate  18  >^   I  4.5 


24.8 


No.  3 1      Stress  +  297000. 

297000       ^,.  , 
Required  sectional  area        fAKm        ^^-^  •'^'l-  ^'^ 

Use  2  channels  15  (</  38  lbs.      19.8  .s(|.  in 
1  Plate  18  X   jT^  7.9  "     " 

27.7  "     " 
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44000. 

9  allowable  unit  ^  7387  lbs. 


No.  28.     Stress  = 
1_  _  28 
r   ~  3. 1 


Kequired  sectional  area    -  —  o  sq.  in. 

Use  2  channel.s  8  (a:  11^  lbs.       6.6  sq.  in. 
Weight  and  Quantities  in  bridge  above  turntable. 


2  Trusses 

@I 

20140 

240280 

12  Floor  Beams  Interiuedi 

ate 

2602 

31224 

2      "           "       End 

2100 

4200 

15  Panels  Stringer  Bi 

racinj 

(J- 

3 

394 

5910 

2  Lines  Stringer  15 
4      "            "^       15 

in. 
in. 

I 
I 

@ 

42 
45 

183952 

32  Walk  Brackets 

368 

11776 

Operator's  Platfor: 

m 

4384 

Top  Laterals 

2788 

Bottom  Laterals 

6635 

4  Portals 

5560 

18  Top  Struts 

10440 

12  Portal  Brackets 

2400 

2  Tower  Portals 

2780 

Sway  Rods 

3200 

Ladder 

500 

28  Railing  Posts 

48 

1400 

4  Trolley  Poles 

514 

2056 

2  Trolley  Struts 

738 

1476 

900  Hook  Bolts 

700 

120  Plain  Bolts 

360 

90  ft.  Gas  Pipe  Railing 
630  ft.  Lattice  Railing 
4  Cast  Iron  Newel  Posts 
Wood  Joist  11.1  M. 
Flooring,  etc.,  44.9  M. 
Wood  Block  Paving  4  in.  deep  =  825  sq.  yds. 


422021 


29700  ft.  B.M. 
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Maximum  Stress  in  Thousands. 


-  Jv  f 


H 

' 

1 

v/            \ 

%Y      \ 

\/        -5 

-7\  " 

■V       \ 

/V 

X 

r "' 

rSf 

Jo.J' 

W  J 

70 

/o« 

'17 

F    IQ     iS- 
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Diagram  of  Sizes. 


Fie    i<] 


ft    VI. /y 
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Trolley  Support  at  End  of  Draw. 


F   I  Gr     Zo  . 


rnr-i 
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Drum  (Soft  Steel)   'J7  ft.  Diam. 


F.a  X\  F  \(x  ^X. 

Max.  Load  on  Drum.  Lbs. 

With  draw  closed.— Live  load  v^  3300  x  168  ^  554400 
J3ead  load=  2480  x  316^  783700 
Centre  platform  '25000 


Total  load  on  drum  =- 1363100 
Load  on  liaU"  drum  681600 

Wind  57000 

738600 


\  load  on  drum 


Load  on  Drum. 
Draw  open. — Dead,  2480  >^  316 
Snow,    800  X  316 
Centre  platform 


Load  on  \  drum 
Wind 


369300 

783700 

252800 

25000 

1061500 

265400 
28500 

293900 


Max.  load  on  ^  drum  — 

The  above  considers  1  foot  of  snow  all  over  bridge  and  walk, 
only  when  draw  is  open. 

Loading  beam  distributes  j   load  of  bridge  on   two  points  about 
6  ft.  apart. 
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Consider  3  wheels  not  bearin<,'.     Ihen  Drum  is  a  girder  0  ft.  long, 
with  centre  Load      185000  lbs. 


F  IQ-  i3  . 

Hence  Required  Flange  Area  is  ~ — qnoo 

Use  2  angles  5  x  5  x  ^  =^  ^  sq.  in.  net. 
1  Cover  Plate  16  x  ^       7 

Total     15 

Max.  Shear     185000  lbs. 

185000 


lO.'i  s(i.  in.  net. 


Web  Area  Required 


19  sq.  in. 


9000 

Use  Plate  36  x  ^  -  18  sq.  in. 
With  stiffeners  4  x  3  x  |  angles. 
Wheels,  sa}'  20  in.  diameter. 
Circumference  of  Track  is  about  81  ft.     Hence  use  say  40  wheels. 
Allowable  pressure  on  wheels  per  lineal  inch        600  ^  d  live 

1-200  V,'  d  dead 
Total  Live  Load      554400  lbs. 
"      Dead     •■'     =:  808700  lbs. 

"     Lineal  inches  required      554400  -  2680     207  inches. 

808700  -  5360     151 

Total     358 
Hence  Face  of  Wheel -358  ^  40 -say  9  in. 
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Loading  Beam  (Soft  Steel). 
Max.  load  on  1  i|uai:lrant  of  drum     369300= 


2  5     C .  te  c 


/O  If 


^(Ck  2./f. 


In.side  beam  A. — 

^       ...                       369300 
Kequired  nange  area      1 — •  x 


12.3  sq.  in. 


•2       '   2.5  X  12000 
Use  '2  angles  6  =<  6  x  ^  ::=  12  sq.  in.  net. 
Web,  30  X  ^,  reinforced  with  2  plates  f  in.  thick  at  ends. 

Outside  beam  B. — 

M  =-  ^^^^  K  (i      Assuming  beam  30  in.  deep,  then  flange 


area 


369300  X  6 


37  in\.  in. 


2  X  2.5  X  12000 

1  of  2  web  plates,  30  x'f  ^.    6  S(\.  in. 

2  plates,  20  x  i  .  16      " 

=.16      " 


2  angles  6x6x1 


38      " 

Ma.x.  shear    =  185000. 

Web  area  -   185000  ^  7000       26  sq.  in.      Use  2  webs,  30  x  # 

=  26  sq.  in.  net. 

...    ,      ^      ^.  -1         369300  X  2        _  .        . 

Girder  C—  Flange  area  i-ecjuired  =  o  x  2  x  12006        '"^     ^*''"  ■""* 

Use  2  angles  6  x  6  x  |       15  sq.  in  net. 
Shear  =  185000.     Use  2  pis.  28  ^  ^ 


118       MADISON    STREET    DHAW    P.UIDGE    AT    CORTLAND,    OREGON. 

Taming  Gear. 

What  is  the  required  horse-power  to  turn  bridge  ? 
No  wind  acting. 

From  experiments  by  Mr.  A.  P.  Boiler  on  the  new  London 
drawbridge,  he  deduced  the  following  rule  : 

.01  wv  wliere  w  -   weight  of  bridge  pounds. 
550   '      "       V   ^  velocity  in  feet  per  second  at  rack. 
.01  xi)73000x.67       ,,^ 

= =    11. o 

550 

Velocity  assumed  for  end  of  draw  =  6  miles  per  hour  (average). 

This  turns  bridge  througli  90  deg.  in  30  seconds. 

Extra  power  required  to  open  bridge  against  an  unbalanced 
wind  pressure  of  5  pounds  per  sq.  ft.  on  total  exposed  surface  of 
bridge. 

Wind  pressure  on  half  bridge  (one  end)  =  15  x  158  x  5. 

■  ■  Thrust  at  rack  =:  -— -^ ^ —  62400  lbs. 

Length  of  quadrant  =  23.5  ft.  ••  Work  done  -  62400  lbs. 
X  23^  =ft.,  lbs.  in  30  seconds. 

.  62400  X  231  . 

2  X  33000 
Total  required  H.P.  =  wind    22. 
Friction  and  inertia  11.8 

33.8 

Use  say  30  H.P.  General  Electric  motor,  which  will  stand 
overloading  to  about  twice  its  rated  capacity. 

Rack.  Proportion  this  for  capacity  of  30  H.P.  motor.  Work 
done  on  rack  23i  ft.  long  in  30  sec.  -  30  x  33000  x  2. 

•  MM        ,  ,        30  X  33000  X  2       ^  ,^^^  ,, 

•  •  Ihrust  on  rack  =  — — =  i^lOOO  lbs. 

JtO.O 

Assume  this  thrust  of  84000  lbs.  resisted  by  2  teeth. 
42000    "  "         "    1  tooth. 

For  cast  iron  1200  p.  f.  42000,  p.  and  f.  are  pitch  and  face  of 
rack. 

Assume  face       9  in.     Then  pitch       3.7  in.— circular. 
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Turning  Gear. 
Hand  lever. 


/o 


rvU 


Fig  7'^ 


Gears  A  and  B  go  with 
motor.  A  has  14  teeth,  and 
4§  Jn.  diameter.  B  has  67 
teeth,  and  22^^  in.  diameter. 
Shaft  R  is  3^  diameter  to  fit 
motor  boxes. 

Take  average  speed  of  mo- 
tor at  400  revohitions  per 
minute.  Then  shaft  R  has  85 
revokitions  per  minute. 

If  bridge  opens  in  30  sec- 
onds, then  speed  of  shaft  T  is 
11^  revolutions  per  minute. 
Therefore  required  speed  re- 

duction  IS  rvr"  '•'^• 

11.0 

Use  2  reductions  of  8.7  each. 

Then  if  we  assume  pinions  E  and  C  at  9  in.  diameter  each, 
gears  D  and  F  will  be  9  x  o.7  =  33.3  in.  diameter. 

To  proportion  teeth,  use  the  following  formula :  W  ^  1200 
p.  f.  where  W  =  thrust  on  tooth,  p.  and  f.  are  pitch  and  face. 

Gears  are  steel.     0  and  D  have  1^  in.  pitch,  4h  in.  face. 
E    "     F     "      2i       "  6 

G  has  3|  in.  pitch,  9  in.  face,  15  in.  diameter. 

To  proportion  shafts,  use  the  following  formula  for  steel : 


Diameter 
Hence  shaft  S 


N  2200' 


H 


2200' 
in.  diam. 


where  T  — -  tortional  moment  in  inch  lbs. 
Shaft  T       6  in.  diam. 

Hand  Turning  Arrangement. 

Number  of  revolutions  of  pinion  required  to  open  draw  =  5h 
in  30  seconds.  Number  of  revolutions  of  lever  required  to  open 
draw  -  -  5i  x  3.7  .  .  20. 
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Circumference  of  walk  ^^^  10  x  2  x  tt  =  say  60  feet. 
■-  Distance  walked  in  opening  draw  =  60  ^  20  =  1200  ft. 

If  man  walks  2^  miles  per  hour,  or  240  ft.  per  minute,  then 
time  required  to  open  bridge  by  hand  is  1200  -^  240  -    5. 

Power  required  with  no  wind  blowing  is  1 1.8  H.  P.  to  open 

bridge  in  30  seconds. 

11  8 
Hence  power  required  to  open  bridge  is  5  minutes  ^  - — '—  = 

o  ^  A 

1.18  H.  P.  =  1.18  X  33000  =  38900  ft.  lbs.  per  minute. 

One  man  can  push  50  lbs.  on  lever  while  walking.     Hence  1 
man  power  =  240  ^  50  —  12000  ft.  lbs.  per  minute.     Hence  num- 
38900 


ber  of  )nen  required 


12000 


say  3  men. 


F  1  a  zfa 
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Turn-table. 


'  f    ' 


filL- 


I'Xtntff 


n 


-3cii^le  5" 


<?*»/^  ^-^- 


_.V?*ife»».  il^'jg'^^. 


FIG-  17 
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End  Lifting  Machinery. 


/3/r  Shaft 


Ffit/  F/$»r3eom. 


r.T_-. : 


□: 


ni 


X=3 


Q 


F  la  18 


MADISON    STKEET    DKAVV    BRIDGE    AT    PORTLAND,    OREGON.       123 

Weight  of  I'arv-fchlr'. 


2  Loading  Beam 

16356 

2 

11218 

Drum 

20572 

16  Drum  Struts 

9056 

Machinery  Box 

8871 

Bed  Plates 

7288 

40  Wheel  Rods 

1900 

4  X  *  Wheel  Bars 

1360 

2  Centre  Discs 

1360 

4  Loading  girders 

5644 

Wt.  of  T.  T.  without  machinery 

78625 

Rack  and  Track 

25500 

40  Wheels  20  x  9  in. 

18000 

Centre  Machinery 

13900 

2  Sets  end  Machinery 

15600 

73000 

3  electric  motors,  30  H.  P.  with  rigging  for  operating  same. 
Besides  these,  there  is  required  submarine  cables,  track  rails, 
operator  s  house  in  tower,  signals,  gates,  etc. 

SuTiiTnary  of  Weights. 
Bridge  proper    338000 
Joist  84000 

Turn-table  78600 

Machinery  73000 

Total  wt.  of  Metal  ==573600  =^^44  lbs.  per  sq.  ft.  of  floor  and  walks. 
This  weight  per  sq.  ft.  of  floor  agrees  very  nearly  with  ray  formulaj 
for  weight  of  drawbridges,  which  is  weight  per  sq.  ft.^^ 
Total  Span 


The  Madison  Street  Bridge. 
7  fixed  spans  (??  190     -     -     -  1330  feet 

1  draw  span     -----  316     " 

Total  length 1646     " 
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W.   J.    WiTHROW 


It  is  with  extreme  pleasure  that  I  have  the  privileo-e  of  stand- 
ing- on  this  platform  once  more  after  the  elapse  of  over  a  decade. 

Prismatic  li.^-hting,  to  the  consideration  of  whose  properties  T 
invite  your  attention  this  afternoon,  is  of  engineering  interest,  not 
so  much  on  account  of  any  abstruse  calculations,  as  for  its  proved 
usefulness  as  a  new  applicaticn  of  certain  well  known  laws  of 
Optics  to  the  practical  lighting  with  daylight  of  (hirk  interiors.  At 
the  risk  of  mentioning  a  good  deal  that  is  familiar  to  von,  I  will 
endeavor  clearly  to  outline  the  general  princii)les  governing  the 
use  of  this  light-bending  window  glass. 

As  you  all  know,  a  light  ray  travels  in  a  straight  line  through 
a  uniform  transparent  medium,  such  as  air  at  a  constant  density, 
but  alters  its  dire^'tion  on  passing  obliquely  into  a  medium  of 
different  density.  This  may  be  well  represented  bv  considering 
a  company  of  soldiers  marching  on  even  ground  and  striking 
obliquely  the  oflgeof  a  ploughed  field.  The  end  of  the  cxmipany 
entering  the  soft  ground  first  is  held  back,  while  those  still  on  firm 
Ground,  keejung  up  their  old  speed  of  marching,  swing  their  end 
ahead.  If  the  company  still  marches  at  right  anok-s  to  its  front 
it  now  moves  in  a  now  direction,  more  nearly  at  right  anglcv'?  to 
the  line  of  demarcation  between  the  firm  and  the  soft  ground. 
The  greater  the  difference  in  the  ground,  the  greater  the  change 
of  direction,  and  the  sharper  the  angle  at  wliicli  the  company 
strikes  the  edge  of  the  soft  ground  the  greater  the  resultant  change 
of  direction.  On  moving  from  soft  gronnd  to  hard  a'2:ain  the 
operation  is  reversed — i.e.,  the  first  files  ont  move  faster,  thu?, 
swinging  the  com])any  around  more  nearlv  i)arallel  with  the 
edge  of  the  soft  ground.  One  can  easily  imagine  the  company 
emerging  at  such  a  sharp  angle  that  the  first  files  out  would 
SAving  their  end  so  far  ahead  as  actuallv  to  double  back  into  the 
field.  This  will  be  referred  to  later  on  when  considering  total 
internal  reflexion  of  light. 
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This,  tlioiigli  an  unscientific  demonstration  j^et  clearly  illus- 
trates tliG  fundamental  law  of  Optics,  which  forms  the  basis  of 
prismatic  lightins,',  viz. — the  sine  of  the  angle  of  incidence  equals 
the  sine  of  the  angle  of  refraction  multiplied  by  a  constant.  The 
particular  constant  for  any  two  bodies  varies  with  the  difference 
in  their  relative  densities  and  to  a  minor  extent  possibly  with  their 
other  properties. 

In  Fig.  1.  I,  the  angle  of  incidence,  is  the  angle  between  the 
incident  ray  of  light  i  and  the  perpendicular  A  Z  to  the  surface 


Fig.  1. 


X  Y  of  contact  between  the  two  transparent  media  through  which 
the  ray  passes,  and  K,  the  angle  of  refraction,  is  the  angle  between 
the  refracted  ray  r  Z  and  the  same  perpendicular  A  Z  G  produced. 
It  is  found  that  for  air  and  flint  glass,  such  as  is  used  in  the 
manufacture  of  prisms,  the  constant  a  equals  l.o3,  consequently 
the  refractive  power  of  this  glass  in  air  may  be  stated  thus — 
Sin  I  =  1.53  Sin  \l. 

Or,  to  express  this  graphically,  see  Fig.  1.  In  the  plane  X  Y, 
between  the  body  of  air  A  and  the  body  of  glass  G,  at  the  centre 
Z,  describe  two  cindes  X  i  and  Y  r  at  distances  relatively  of  1  and 


12G 
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1.53.  Let  i  Z  be  any  incident  ray  of  licbt  piercing  the  plane  X  Y 
from  the  body  of  air  A  at  the  point  Z  and  cntting  the  circle  X  i 
at  i.  Throno-h  i  draw  x  i  r'  perpendicular  to  the  plane  X  Y.  cutting 
the  circle  Y  r  at  r'  and  the  plane  X  Y  at  x — then  r  Z  r'  produced 
"vvill  be  the  direction  and  sense  of  the  refracted  ray,  i  Z  A  the 
angle  of  incidence  and  G  Z  r  the  angle  of  rcfraciion,  and  Sin  i  Z  A 
=1.53   Sin   C^.    Z   r. 


Fig.  2. 

A  ray  of  light  passing  from  glass  to  air  \vo\dd  require  the 
constant  a  to  be  1.53,  and  investigation  would  show  that  on  passing 
through  a  surface  parallel  to  the  plane  X  Y  \u\o  the  air  again, 
the  ray  would  be  bent  back  to  its  old  direct  inn.  This  is  what 
liappens  with  plate  glass,  see  Fig.  2.  If,  however,  it  pass  out  of 
the  glass  through  a  plane  inclined  to  the  first  it  will  assume  a  new 
direction,  see  Fig.  3.    This  hitter  is  wliat  happens  witli  prisms. 


Fit:.   3. 


If  both  surfaces  were  made  continuous  one  rdgc  nf  the  wedge 
so  formed  would  be  very  thick,  and  the  whole  too  heavy  for  u-e 
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in  a  window,  see  Fift-.  5.  One  surface  of  a  prism  plate  is  therefore 
made  in  a  succession  of  inclined  planes  forming  a  series  of  small 
wedo-es  instead  of  one  large  one.  By  increasing  the  angle  between 
the  two  surfaces  of  the  prism  plate  the  divergence  of  transmitted 


Fkj.  4. 


light  would  be  increased,  see  Fig.  4.  For  this  reason  prism  plates 
are  made  with  different  inclinations  varying  by  5°  in  the  several 
plates  of  the  series.  These  plates  are  made  4"  square,  as  larger 
sizes  cannot  be  sharply  moulded,  and  are  strongly  glazed  together 


in  copper  by  a  patented  electrolytic  process  to  form  large  sheets 
of  any  required  shape. 

In  order  to  bend  incident  light  laterally,  two  complete  series 
of  prism  plates  are  manufactured  with  the  prism  tilted  up,  one  to 
the  right,  and  the  other  to  the  left,  at  an  angle  of  22>4''.  By 
placing  a  right  tilted  prism  on  its  side,  we  get  a  left  tilt  of  67K'"> 
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asd  reciprocally  witli  tlie  left  tilt  prism.  By  tilting  an  ordinary 
prism  plate  half  way  to  right  or  left,  we  obtain  45°  right  or  left 
tilts,  whereas  tilting  it  completely  to  right  or  left  we  get  right  or 
left  tilts  90°. 

With  this  range  of  prism  plates  and  certain  cases  of  using  the 
prisms  inside-ont,  light  from  any  source,  falling  upon  a  window, 
may  be  directed  to  any  part  of  the  interior. 

Having  considered  the  theory  of  prisms,  we  will  now  consider 
their  application. 

Stand  any  place  in  a  room.  Look  nut  tlirough  the  window. 
The  part  of  the  room  where  you  stand  is  primarly  liglited  from 
that  particular  part  of  the  outside  world  that  you  can  see.  If  you 
see  a  dark  wally  you  will  be  in  the  dark — if  you  see  a  bright  sunlit 
or  white  washed  wall,  or  generally  better  still — the  open  sky,  then 
where  you  stand  will  be  well  lit,  if,  of  course,  the  window  space  is 
large  enough  for  the  room. 

This  primary  lighting  is  more  or  less  modified  bv  light  re- 
flected to  you  from  any  particularly  well  lit  part  of  the  same  room. 
If  a  bright  sunlit  pavement  outside  throws  a  strong  light  on  the 
ceiling  near  the  window,  the  reflected  light  therefrom  may  make 
the  whole  room  bright.  Or,  if  the  sun  shines  directly  through  the 
window  for  a  i)art  of  the  day,  the  interior  may  be  rendered  light 
throughout  by  reflection  from  the  spot  on  the  floor  or  wall  where 
it  shines,  or  by  radiation  from  a  translucent  blind  or  \vindow. 

Generally  speaking,  however,  the  sky  space,  as  seen  from  the 
window,  is  by  far  the  brightest  source  of  light  available  for  illum- 
inating the  interior. 

If,  as  generally  happens — particularly  in  our  more  congested 
city  districts,  the  bright  sky  is  cut  off  by  some  obstruction  opposite 
the  window,  such  as  a  building,  trees,  etc.,  then  the  usefulness  of 
prisms  comes  into  play.  Here,  with  ordinary  window  glass,  the 
bright  light  from  a  more  or  less  confined  skv-space  above  falls 
bright  and  clear  u]ion  the  floor  immedi«telv  inside  the  window, 
where  it  is  mainly  absorbed  by  the  non-reflecting  carpet,  dark- 
flooring  or  furniture,  and  the  rear  of  the  room  is  left  dark  and 
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more  or  less  p,iooniy,  see  Figs.  6  and  7.  If,  now,  the  window, 
frequently,  merely  the  upper  part,  be  p:lazed  with  prisms  of  a  re- 
fracting- angle  merely  sufficient  to  bend  the  light  from  the  sky  im- 
mediately over  the  top  of  the  building  op]X)site,  sending  it  hori- 
zontally or  slightly  upwardly  back  through  the  room,  then  all  the 
rest  of  the  light  from  the  sky  up  to  the  zenith  will  be  spread 
equally  along*  the  rear  and  side  walls  and  across  tlie  floors  toward 
the  w^indow,  giving  an  even  illumination  throughout. 

In  order  to  get  a  satisfactory  result  in  each  case,  it  is,  of 
course,  necessary  to  instal  a  sufficient  area  of  prisms  to  suit  the 
size  of  the  room  and  the  available  sky  space  outside. 


Fio.  6. 


Fig.   7. 


Some  of  the  refinements  of  prismatic  lighting  which  may 
make  or  mar  its  efficiency — I  shall  now  briefly  indicate. 

If  a  very  high  building  opposite  has  a  low  one,  or  none  at  all, 
close  to  right  or  left,  then  the  use  of  one  of  the  tilted  prisms  will 
draw  light  from  the  open  side,  bending  it  back  into  the  room  with 
greater  illuminating  effect  than  could  be  obtained  bv  drawing 
light  from  the  narrow  band  of  sky  seen  over  the  top  of  the  build- 
ing. If  the  space  above  is  extremely  narrow,  as  in  nan*ow  lanes 
between  buildings,  or  in  light  wells,  the  light  may  fall  so  steeply 
that  the  usual  vertical  window  intercepts  very  little  of  it.  In  this 
case  a  canopy  of  prisms  is  hung  ontside  in  front  of  the  upper  part 
9 
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of  the  window,  see  Fig.  8.  Auy  of  the  variovis  forms  of  prisms 
mentioned  above  may  be  used  here  if  the  refracted  light  is  required 
to  be  thrown  merely  a  short  distance  into  a  room  to  light  desks  or 
other  articles  near  the  window\  Prisms  can  only  be  adapted  to 
refract  light  up  to  about  60",  in  fact  anything  beyond  45"  of  re- 
fraction begins  to  loose  in  brilliancy. 

If,  on  the  other  hand,  the  almost  vertically  falling  light  is 
required  to  be  thrown  horizontally  back  into  a  room,  the  principle 
of  refraction  will  not  answer.  In  this  case  a  fonn  of  prism  is  used 
in  which  the  light  entering  the  plane  surface  falls  upon  an  inner 


surface  at  such  an  angle  as  to  cause  its  total  rcticxion.  This  sur- 
face will  reflect  with  all  the  brilliancv  of  a  silvered  mirror,  tlirow- 
ing  the  light  into  the  room  through  the  third  surface  of  the  prism. 

For  sidewalks  this  principle  is  adopted — the  Standard  prism, 
has  two  unequal  downwardly  projecting  prisms  of  unecpial  anfile, 
so  adapted  as  to  tlirow  light  fallinc;  verticallv  downward  inwardly 
toward  the  basement — the  unequal  points  being  introduced  to  pre- 
vent the  reflected  light  from  being  stopped  by  the  next  prism  point 
in  front.     See  Figs.  0  and  12. 

A  later  and  better  form  is  the  Multiprism,  which  has  a  single 
downwardly  projecting  wedge,  having  its  reflecting  and  inward 
transmittinc;  surfaces  curved  so  as  to  cause  the  liaht  reflected  from 
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the  different  parts  of  the  surface  of  one  pri>m  to  successively  pass 
as  close  to  the  bottom  of  the  next  prism  as  possible.    These  prisms 


Fig.  9. 


Fig.  12. 


are  set  brick  fa.shion,  so  as  to  break  joints,  and  from  the  basement 
give  the  appearance  of  an  unbroken  sheet  of  light.  See  Fig.  10. 
Where  a  stringer,  joist  or  other  inside  obstruction  on  the 
basement  ceiling,  prevents  the  pavement  pi-isnis  from  throwing 
their   light   back  to  the    rear  of    the  cellar,  a  curtain  of  window 


Fig.  10: 

prisms  of  slight  refractive  power  near  the  top  increasing  to  high 
refractive  efficiency  at  the  bottom,  is  hung  between  the  pavement 
prisms  and  the  cellar.  This  curtain  gives  a  second  refraction  to 
the  light  from  the  pavement  illuminating  the  whole  interior  to  the 
roar.  This  form  of  curtain  works  well  in  open  areas  where 
traffic  does  not  necessitate  the  use  of  pavement  prisms. 
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All  tlicsG  prism  panels,  pavement  and  window,  liobt  not  mere- 
ly the  space  in  front  of  tliem,  but  fan-out  tlieir  lioht  sideways  in 
exactly  the  same  proportion  as  the  sky  space  from  which  thev  de- 
rive their  lic:ht  is  spread  laterally. 

In  the  case  of  window  prisms,  if  there  is  a  heavy  overhang 
or  reveal,  the  upper  prisms  would  be  over-shadowed  and  useless. 
In  this  case  the  prism  panel  is  either  hun<i  in  a  separate  wooden 


Fk;.  11. 

or  ornamental  iron  frame  out  near  the  front  of  the  wall  or  cornice, 
see  Fig;.  11.  A  more  recent  way  is  to  remove  the  upper  part  of 
the  window,  placino;  the  prisms  in  a  closed  frame  near  the  front  of 
the  wall,  and  unitin.o;  the  bottom  of  the  prisms  with  the  deep-set 
lower  part  of  the  window  by  a  transom  bar,  in  which  is  installed  a 
ventilating  device. 
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The  subject  of  "  Air  Brakes  "  is  so  broad,  that  to  properly 
describe  it,  a  detailed  description  of  each  part,  showing  the  im- 
provements that  have  been  made  in  eacli  dnrin^  the  last  iew  years 
ouft'ht  to  l)e  ojiven.  But  as  I  am  both  limited  by  time  and  space, 
a  general  description  of  the  principal  systems  now  in  use  is  all  that 
can  be  attempted  at  present  Besides  the  ,2:eneral  description  I 
would  like  to  brino-  before  you  for  consideration  a  few  verv  in- 
terestino-  problems  which  are  closely  connected  with  this  subject. 

The  "  Air  Brakes  "  has  quite  a  lono-  history,  which  forms  very 
interesting:  and  instructive  reading-.  Many  ditt'erent  forms  of 
power  brakes  were  in  use  in  the  early  years  of  the  last  century. 
The  most  important  of  these  were  the  ''Chain  Brake,"  and  the 
"  Hydraulic  Brake."  Then  in  the  second  half  of  the  nineteenth 
century  these  were  superseded  bv  the  "  Vacuum  "  and  ''  Straight 
Air."  And  again  a  few  years  after  the  introduction  of  the  above, 
they  in  turn  were  also  displaced  by  the  Automatic  Vacuum  and 
the  Automatic  Air  Brakes.  The  latter  was  invented  bv  Mr. 
George  Westinghouse  in  the  vear  1873,  just  four  years  after  the 
introduction  of  the  "Straight  Air"  brake.  From  year  to  year 
the  above  gentleman  patented  many  improvements  upon  this  latter 
form  until  it  reached  its  present  form  of  perfection. 
The  Vacuum  Brake. 

The  Vacuum  Brake,  which  at  one  time  was  the  greatest 
rival  the  Westinghouse  Tompanv  had  to  contend  Avith,  but  which 
to-dav  is  nearly  extinct  as  far  as  this  continent  is  concerned,  we 
will  consider  just  a  uiomciit.  Tn  principle  it  is  diametricallv  oppo- 
site to  that  made  use  of  in  the  Automatic  Air  Brake.  The  prin- 
ciple upon  which  this  brake  operates  is  as  follows: — The  train 
pipe,  which  extends  the  full  length  of  the  train,  is  always  kept  free 
of  air;  and  when  an  application  of  the  brakes  is  desired,  the  air  at 
atmospheric  pressure  is  admitted  to  the  train  pipe,  and  sets  a  valve 
in  such  a  position  that  one  side  of  the  brake  diaphragms  is  directly 
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connected  to  a  reservoir  from  which  the  air  is  exhausted.  The 
excess  pressure  on  the  other  side  of  the  diaphraum  which  is  exposed 
to  the  atmospheric  pressure,  forces  the  diaphra^rms  forward  and 
applies  the  brakes.  To  release  the  brakes,  the  air  is  aaain  exhai.sted 
from  the  train  pipe,  and  the  valves  and  brake  diaphra,2;ms  take  or 
return  to  their  normal  positions. 

The  following  apparatus  comprise  the  Automatic  Vacuum 
Brake: — 

1.  The  ejector,  the  function  of  which  is  to  maintain  the 
vacuum  in  the  train  pipe  and  brake  diaphragms. 

2.  A  contiziuous  train  pipe  line  with  hose  couplings  between 
each  car. 

3.  Brake  diaphragms  from  which  the  air  is  exhausted,  causing 
the  pressure  of  the  atmosphere  to  force  the  rubber  disks  into  the 
iron  shell  and  set  the  brakes. 

3.  The  reseiwoir,  in  which  a  vacuum  is  maintained,  and  into 
which  the  air  is  constantly  exhausted  from  the  diaphragms. 

6.  Finally  the  valve  which  forms  the  connection  between  the 
reservoirs  and  the  diaphragms.  Its  objects  are  to  control  the 
passage  of  air  from  the  brake  diaphragms  to  the  reservciir,  and 
partially  or  wholly  apply  the  brakes. 

In  Fig.  1,  is  shown  the  Fames'  Automatic  Vacuum  Brake, 
which  ranks  among  the  first  of  this  kind. 

The  "Quick  Action  Automatic  Brake,"  which  is  a  decided 
improvement  on  the  previously  mentioned  "  Automatic. "  was  first 
introduced  shortly  after  the  Master  Car  Builders'  brakina-  tests,  con- 
ducted at  Burlington  during  the  year  1887.  It  is  in  use  on  nil 
railroads  in  America;  and  in  Fngland  and  the  continent  it  is  f.;st 
driving  its  competitors  from  the  market.  The  AVestinghouse  Com- 
pany have  equipped  by  far  the  largest  proportion  of  trains  with 
their  system.  The  jSTew  York  Company  are  second,  while  the  per- 
centage of  cars  equipped  with  other  systems  is  so  small  a-;  to  be 
negligible. 

The  folloAving  general  description  of  the  opei'ation  of  the 
Air  Brake  will  apply  equallv  as  well  to  the  ?^ew  York  Companv's 
as  to  the  Westinghouse,  since  the  apparatus  for  each  svstem  f»ilfil 
the  same  functions  and  onlv  difi^er  in  construction. 
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The  air,  compressed  by  the  pump,  is  first  delivered  into  the 
main  reservoir.  From  there  it  flows  to  the  eng,ineer's  valve;  thence 
through  the  train  pipe  to  the  triple  valve  on  each  car,  passino; 
through  the  latter  to  the  storage  or  auxiliarv  reservoire.  During 
normal  conditions  of  ninning,  the  train  pipe  and  resen'oirs,  ex- 
cepting the  main  reservoir  on  the  engine,  contain  air  under  a 
pressure  of  TO  lbs.  per  square  inch.  With  the  engineer's  valve, 
changes  of  pressure  in  the  train  pipe  are  made,  causing  the  triple 
valves  to  operate  either  to  apply  or  release  the  brakes. 

Moving  the  handle  of  the  engineer's  valve  a  specified  distance 
permits  air  from  the  train  pipe  to  escape,  thus  reducing  the  pressure 
therein.  This  reduction  of  pressure  operates  the  sensitive  triple 
valve,  which  then  allows  air  to  pass  from  the  auxiliary  reservoir  to 
the  brake  cylinder,  forcing  the  brake  piston  in  the  direction  to 
apply  the  brakes. 

To  release  the  brakes,  the  engineer's  valve  is  moved  back  to 
its  running  position,  and  the  train  pipe  pressure  is  then  raised  to 
70  lbs.  per  sq.  in.  This  increase  in  train  pipe  pressure  causes  the 
triple  valve  to  reverse  its  position,  closing  the  connection  between 
the  auxiliary  reservoir  and  the  brake  cylinder,  allowing  the  air 
from  the  latter  to  escape  to  the  atmoshpere.  The  brake  piston 
then  returns  to  its'  running  position,  and  the  brakes  are  ihus 
released. 

The  Westingliouse  and  New  York  Quick  Action  Automatic 
Air  Brakes  consist  of  the  following  principal  parts: — 

1.  The  compressor  or  pump  wdiich  compresses  the  air. 

2.  The  main  reservoir  in  which  the  compressed  air  is  stored. 

8.  The  engineer's  equalizing  and  discharge  valve,  which  regu- 
lates the  flow  of  air  into  the  train  pipe  and  auxiliarv  reservoirs  for 
charging  the  train  and  releasing  the  brakes,  and  from  the  train 
pipe  to  the  atmosphere  for  applying  the  brakes. 

4.  The  train  pipe,  which  leads  from  the  engineer's  valve 
throughout  the  train,  supplying  air  to  the  auxiliary  reservoirs. 

5.  The  brake  cylinder  which  has  its  piston  connected  to  the 
l)rake  levers,  in  such  a  manner  that  the  brakes  are  either  ajiplied 
or  released  according  as  the  piston  moves  in  or  oni. 
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6.  The  qTiick  action  automatic  triple  valve,  witli  which  each 
car  is  equipped.  The  valve  controls  the  admission  of  air  from  the 
auxiliary  reservoir  to  the  brake  cylinder,  the  discharge  of  air  from 
the  brake  cylinder  to  the  atmosphere,  and  the  admission  of  air 
from  the  train  pipe  to  the  auxiliary  reservoir. 

T.  The  auxiliary  reservoir,  which  stores  upon  each  car  suffi- 
cient air  to  operate  the  brakes  upon  that  car. 

S.  The  pump  governor,  which  regulates  the  supply  of  steam 
to  the  pump,  automatically  stopping  the  supply  or  steam  when 
the  pressures  in  the  train  pipe  and  reservoirs  have  reached  the 
desired  point. 

9.  The  hose  cou])lings,  which  connect  the  train  pipe  of  one 
car  to  the  train  pipe  of  the  next. 

10.  The  duplex  air  gauge,  which  indicates  on  one  scale  the 
pressure  in  the  train  pipe,  and  on  the  other  the  pressure  in  the 
main  reservoir. 

11.  The  conductor's  valve,  which  is  operated  by  that  in- 
dividual when  he  wishes  to  apply  the  brakes. 

Westingiiouse  High  Speed  Brake. 

The  Westinghouse  High  Speed  Brake  is  another  form  or  modi- 
fication of  the  Automatic  just  described,  and  which  is  used  on 
trains  which  run  at  very  high  speed,  such  as  the  "  Empire  State 
Express  "  and  ''  Congressional  Limited."  This  brake  consists  of 
the  quick-action,  with  the  addition  of  an  automatic  pressure  re- 
ducing valve.  One  of  these  valves  is  connected  to  each  brake 
cylinder,  and  the  air  pressure  supplied  to  the  train  pipe  and 
auxiliary  reservoirs  considerably  increased.  In  ordinary  service 
ai)i)lication  the  valve  remains  inoperative,  unless  the  pressure  in  the 
cylinder  exceeds  a  certain  fixed  limit  (usually  sixty  pounds),  when 
it  then  operates  to  discharge  air  from  the  cylinder  until  the  fixed 
limit  is  again  reached,  and  then  ceases  to  discharge  air  from  the 
cylinder.  The  reason  for  this  variation  of  the  brake  cylinder 
l)ressure,  is  that  at  high  rates  of  speed  greater  pressure  can  be 
exerted  on  the  Avheels  without  causing  them  to  skid,  than  can  be 
exerted  on  Avheels  revolving  at  a  low  velocity.  Consequently,  as 
the  speed  of  the  train  is  material] v  reduced,  the  pressure  in  the 
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brake  cylinder  has  also  been  reduced.  AVe  have  thus  increased 
the  retardations  during  the  early  part  of  the  stop,  while  running; 
no  danger  of  skidding  the  wheels.  Trains  can  be  stopped  by  thi< 
brake,  when  they  are  running  at  the  rate  of  sixty  miles  an  hoiu", 
in  about  450  feet  shorter  distance  than  when  they  are  equii)ped  by 
the  ordinary  Quick  Action  Automatic  Brake. 

The  triple  valve  is  the  most  important  link  in  the  whole  air 
brake  system.  On  it  we  depend  for  the  rapidity  of  the  application, 
of  the  brakes.  If,  for  one  short  instant  it  fails  to  operate,  when 
required,  the  brakes  on  that  car  are  inoperative. 


7b  I/tif'n  f^e. 

FIG.     2.  THE    PLAIN    TRIPLE-VALVE. 

In  .Service  Position.     Brakes  Applied. 


The  triple  valve  has  undergone  many  changes  and  improve- 
ments before  it  reached  its  present  fonns.  The  first  valve  was  in- 
vented by  Mr.  George  Westinghouse,  Jr.,  in  18T2,  and  the  lasr, 
shortly  after  the  Burlington  tests  in  1887. 

Before  describing  the  valve  we  must  understand  why  thoj 
are  called  triple  valves.  It  perfonns  the  triple  function  of  (1) 
Admitting  air  from  the  train  pipe  to  the  reservoir,  for  the  purpose 
of  charging  it  with  air  luuler  ]>ressure.  (2)  Admitting  air  from 
the  reservoir  to  the  brake  cylinder,  for  the  purpose  of  applying 
the    brakes,   and    (3)  Establishing    communication    between  the 
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brake  cylinder  and  the  atmosphere  for  the  purpose  of  diseharorinoj 
the  air  from  the  brake  cylinder  and  releasing:  the  brakes. 

There  are  two  Westin.ffhonse  Triple  Yalves,  the  plain  Auto- 
matic, which  is  used  in  ordinary  service  applications,  and  the 
Quick  Action  Automatic,  which  is  desipied  both  for  service  and 
emergency  applications.     This  latter  valve  is  simply  a  plain  triple 


7il  Jl/J-/^///  y 


Tor/r/('rt/f/n 


FIG3       QUICK-ACTION     TRIPLE  VALVE. 

NorttuU  Rurvmn^  pjst/n"i      Brakes  Releaseii 


with    the    addition  of    a  few    more    valves  whch  render  it  more 
efficient  in  emergency  applications  than  tlie  plain  triple. 

Fig.  ?t  is  a  drawing  of  the  "Westinghouse  Quick  Action  Auto- 
matic valve,  with  its  parts  in  the  normal  running  position  with 
brakes  released.  If  the  part  p,  and  the  chambers  below  it.  s  and  t, 
were  removed,  the  valve  would  lie  transformed  into  a  phiin  triple. 
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The  emergency  parts  of  rhis  valve  are  then,  the  chambers  s  and  t, 
the  piston  m,  and  the  valves  n  and  o.  The  locations  of  the  pipe 
connections  to  the  train  pipe,  the  auxiliary  reservoir,  and  the  brake 
cylinder  are  clearly  indicated.  A  piston,  a,  is  adapted  to  move 
backward  and  forward,  while  its  stem,  b,  extends  forward  into  a 
somewhat  smaller  valve  chamber  containing  a  slide  valve  c,  which 
is  loosely  confined  between  two  shoulders  upon  the  piston  stem. 
In  the  interior  of  the  slide  valve  c,  is  a  small  poppet  valve,  d,  call- 
ed the  Graduating  valve,  Avhicli  is  secured  by  a  pin  to  the  piston 
stem  b. 

In  the  position  of  the  parts  shown  in  fig.  3,  the  compressed 
air  from  the  train  pipe  enters  through  the  ]>assage  wavs  and 
chamber  on  the  outer  side  of  piston  a  (to  the  left).  Then  it  passes 
around  the  piston,  through  the  feed  grooves  h  and  i  into  the  valve 
chamber,  from  which  it  passes  directly  to  the  auxiliarv  reservoir. 
This  reservoir  is  thus  kept  charged  with  air  at  the  same  pressure 
as  the  train  pipe  line. 

AVlien  the  engineer  makes  a  service  application,  he  reduces 
the  train  line  pressure  about  five  pounds  by  discharging  a  portion 
of  the  air.  This  lessens  the  pressure  upon  the  outer  face  of  the 
piston  a,  and  the .  excess  pressure  upon  the  other  side  forces  tke 
piston  to  the  left,  at  the  same  time  closing  the  feed  grooves  h  and 
i,  thus  cutting  oft"  all  communications  with  the  train  pipe,  and 
simultaneously  withdraws  the  graduating  valve  d,  from  its  seat  in 
the  slide  valve.  The  shoulder  at  the  end  of  the  piston  stem  b,  then 
comes  in  contact  with  the  end  of  the  slide  valve  c,  which  is  there- 
after moved  along  with  the  piston  in  its  outward  progress,  which 
is  finally  airested  by  contract  with  the  stem  j.  Then  ihe  part  e  is 
over  the  ])assageway  f,  and  the  air  from  the  auxiliary  re^'^ervoir 
has  a  clear  passage  to  the  brake  cylinder.  The  part  e  extends 
transversely  through  the  slide  valve  and  conducts  air  from  the 
auxiliary  reservoir  into  the  passageway  in  the  slide  valve,  which 
has  now  been  uncovered  by  the  outward  movement  of  the  gradu- 
ating valve  d.  The  discharge  of  air  from  the  auxiliary  reservoir 
to  the  brake  cylinder  is  accompanied  by  a  reduction  of  the  air 
pressure  in  the  auxiliary  reservoir  and  the  valve  chamber  of  ihc 
trii^lo  vahe,   which  contiinics  until   the  prc>sure  i<  slightly  lower 
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til  an  that  of  the  air  remainino"  in  the  train  pipe,  and  at  the  chamber 
at  the  outerside  of  the  piston  a.  The  slight  preponderance  of 
pressure  on  the  outside  of  the  piston  causes  it  to  move  inwardly 
until  the  graduating  valve  d  becomes  seated  in  the  slide  valve. 
The  piston  is  prevented  from  moving  any  further  by  the  frictional 
resistance  offered  by  the  slide  valve  and  its  seat.  Upon  the  closing 
of  the  graduating  valve  d,  communication  between  the  brake 
cylinder  and  the  auxiliary  reservoir  is  shut  off,  and  the  brakes 
remain  applied  with  so  much  force  as  is  due  to  the  compressed  air 
which  has  already  been  admitted  into  the  brake  cylinder. 

If  the  engineer  finds  that  he  needs  more  braking  force,  he 
makes  a  further  slight  reduction  in  the  train  pipe,  and  the  above 
operation  is  again  repeated,  admitting  a  further  quantity  of  com- 
pressed air  to  the  brake  cylinder.  This  operation  is  called  gradu- 
ating, and  entirely  depends  upon  the  proper  working  of  the 
graduating  valve  d. 

The  above  description  applies  both  to  the  plain  and  the 
quick  action  triples  in  service  stops.  In  an  emergency  application 
of  the  quick  action  triple  a  considerable  quantity  of  air  is  dis- 
charged from  the  train  pipe,  causing  a  great  difference  between 
the  pressures  on  the  sides  or  faces  of  the  piston  a.  This  prepond- 
erance of  pressure  on  the  inner  face  of  the  piston  causes  the  piston 
a  to  travel  outwardly  with  more  force,  compressing  the  spring  on 
the  stem  j,  until  it  is  arrest e<:l  by  the  end  of  the  chamber.  The 
passageway  p,  which  admits  the  compressed  air  above  the  piston 
m,  being  thereby  uncovered,  instantly  conducts  the  compressed 
air  from  the  auxiliary  reservoir  to  the  upper  face  of  the  piston  m, 
which  forces  that  piston  downward  and  thereby  opens  the  emer- 
gency valve  n,  as  shown  in  Fig.  4.  It  is  to  be  observed  that  at 
this  instant,  (1)  the  brake  cvlinder  is  emptv,  no  air  from  any 
source  having  yet  entered  it;  (2)  the  air  pressure  in  the  train  pipe, 
while  having  been  reduced  considerably  below  the  pressure  in  the 
auxiliary  reservoir  is  still  great,  and  has,  by  merelv  lifting  the 
valve  o,  a  capacious  and  unobstructed  passageway,  around  the  emer 
gency  valve  n,  into  the  empty  brake  cvlinder.  Thus  the  air  from 
the  train  pipe  lifts  the  check  valve  o,  and  rushes  into  the  brake 
cylinder,  until  the  pressure  in  the  brake  cylinder  and  the  train 
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pipe  are  equalized.  Then  tlie  check  valve  closes,  shuttinc:  off  all 
connections  between  the  train  pipe  and  the  chamber  t.  The  air 
which  has  been  admitted  to  the  brake  cylinder,  increases  the  avail- 
able brakino-  force  wliich  may  be  obtained  in  the  brake  cvlinder. 

The  effect  of  the  dlscharoe  of  air  from  the  train  pipe  into 
the  brake  cylinder  of  the  first  car  does  not  merely  more  qnickly 
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FIGA         QUICK    ACTION     TRIPLE-VaLVE. 
Emergency  Position.     Brakes  Applied 


nnd  powerfully  apply  the  brakes  on  that  car,  but  also  causes  a 
sudden  and  material  rednction  of  the  pressure  upon  the  outer 
face  of  the  piston  a,  on  the  next  car.  Tlius  the  action  which  is 
described  above  is  2:reatly  accelerated  on  the  whole  train,  the 
first  triple  hastening:  the  action  of  the  second,  and  the  second 
the  action  of  the  third,  etc.,  throuo-hout  the  whole  train. 
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To  release  the  brakes  with  both  styles  of  triple,  the  train 
pipe  is  recharged  to  its  normal  pressure,  which  preponderance  of 
pressure  on  the  outer  face  forces  the  piston  a,  to  its  running  posi- 
tion. At  the  same  time  the  slide  valve  c,  is  carried  to  its  position 
for  running",  as  shown  in  Fig.  3,  where  a  direct  connection  is 
made  from  the  brake  cylinder,  through  the  passageway  f,  and  ex- 
haust port  g,  to  the  atmosphere.  Thus  the  air  being  exhausted 
from  the  brake  cylinder  the  brakes  are  released. 
New  York  Triple. 

The  ISTew  York  Air  Brake  have  also  both  a  plain  triple  and 
quick  action  triple.  Like  the  Westinghouse  they  are  both  auto- 
matic in  their  action. 

The  quick  action  triple  is  shown  in  Fig.  .5.  The  quick 
action  i^arts  occupy  the  left  and  top  portions  of  the  drawing,  and 
remain  inoperative  under  ordinary  service  applications.  The  ser 
vice  parts  occupy  the  central  portion  of  the  drawing,  the  oper- 
ation of  these  parts  can  be  traced  on  the  drawing  which  clearly 
indicates  them. 

"  Referring  to  the  figure,  the  vent  valve  71  is  held  to  its 
seat  by  spring  132,  assisted  by  train  pipe  pressure,  and  can  only 
be  opened  when  piston  129  is  forced  to  the  left.  Quick  action 
valve  138-139  is  held  to  its  seat  by  spring  140,  assisted  by  the 
reservoir  ]>rcssure,  and  can  only  be  opened  when  piston  137 
moves  to  the  right." 

"Main  piston  128  has  the  same  stroke  both  for  emergency 
and  service  applications,  but  is  extended  to  form  a  cylinder  in 
Avhich  piston  129  is  fitted.  Through  piston  129  is  a  small  open- 
ing F,  allowing  the  train  pipe  air  to  pass  through  and  equalize 
1ho  pressure  on  both  sides.  The  dimensions  of  this  opening  are 
such  that  when  the  main  piston  .128,  moves  slowly  to  the  left, 
as  in  service  applications,  the  air  in  space  G  will  be  forced  through 
opening  F  without  disturbing  piston  129  from  its  position  shown." 

"  A  sharp  reduction  of  train  pipe  pressure  for  an  emergency 
stop  will  cause  main  piston  128  to  move  rapidly  to  the  left.  In 
this  case  air  from  space  G  cannot  flow  through  passage  F  fast 
enough,  and  exerts  a  momentary  pressure  upon  piston  120.  strong 
enough  to  overcome  its  resistance  and  cause  valve  71  to  be  forced 
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from  its  seat.  This  allows  train  pipe  air  to  enter  the  passage  H 
and  escape  to  the  atmosphere  throiioh  holes  J  and  ^I,  while  at 
the  same  time,  it  forces  piston  137  to  the  right,  which  unseats 
valve  139  and  allows  the  full  power   of    the    reservoir   pressure 


^(    .132        '       -^     '""^ 

laa' 


to  be  instantly  effect ivo  in  the  brake  cvlimler  tluNuiuh  the  large 
passaf^eways  K,  L,  and  check  valve  11  7." 

"Meanwhile,  as    passage    Y  is  always    open,  the    temporarv 
pressure  exerted  by  the  air  in  chamber  G,  has  rapidly  lost  its 
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effect,  and  spring  132  has  returned  valve  71  to  its  seat,  thus 
stopping-  the  escape  of  air  when  train  pij^e  pressure  is  sufficientlv 
reduced  to  properly  apply  the  bralves.  As  valve  71  closes,  it 
returns  piston  129  to  its  original  position.  Valve  139  and  piston 
137  have  also  been  returned  to  their  former  positions,  as  shown 
in  the  figure." 

"  Restoring  the  train  pipe  pressure  causes  the  valves  38  and 
48  to  return  to  their  normal  positions  as  shown,  allowing  the 
auxiliary  reservoir  to  be  rechar2:ed,  and  the  air  to  escape  from  the 
brake  cylinder,  thus  releasing  the  brakes." 

"'  The  astonishing  and  almost  inconceivable  rapidity  of  the 
serial  recurrence  of  quick-action  triple  value  operation  may  be 
best  appreciated  by  comparison  with  the  rate  of  propagation  of 
simple  vibrations  through  a  clear  and  quiescant  atmosphere.  The 
simplest  illustration  is  that  of  sound,  which,  under  ordinary  con- 
ditions, travels  at  the  rate  of  about  1,100  feet  per  second.  The 
propagation  of  a  sound  disturbance  to  a  distance  of  2,000  feet 
in  a  quiet  atmosphere,  requires  little  more  than  1.8  seconds. 
An  emergency  application  of  the  brakes  upon  a  fifty  car  train, 
wherein  one  piece  of  mechanism  is  caused  to  operate,  thereby 
producing  an  impulse,  which  causes  a  second  piece  of  mechanism 
to  operate,  and  so  repeated  through  fifty  mechanisms  with  succes- 
sive impulses,  is  serially  propagated  throughout  the  2,000  feet  in 
2.5  seconds." 

The  increasing  use  of  heavy  and  high  speed  cars  in  street 
car  service,  seems  to  make  the  application  of  the  air  brake  even 
to  single  cars,  a  logical  necessity.  Under  present  conditions  the 
manual  labor  and  careful  attention  required  by  the  hand-brake 
is  so  i>Teat,  that  the  motormen  are  not  able  to  retain  control  of 
their  cars  and  make  the  most  efficient  stops.  The  principle  of  the 
air  brake  has  been  successfully  adapted  to  the  street  cars. 

The  great  difficulty  in  applying  this  style  of  brakes  was  the 
securing  of  compressed  air.  The  air  was  finally  compressed  in 
two  w^ays,  first  by  attaching  an  eccentric,  which  worked  an  air 
compressor,  to  the  axle  of  the  car,  and  second  by  installing  on  the 
motor-car  a   rotary  air  pump   driven  by  a  motor.     In  the   first 
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method  about  forty  revolutions  of  the  car  wheels  suffices  to  fill  the 
reservoirs  with  air,  at  a  pressure  of  32  pounds.  Havino-  attained 
that  pressure,  a  j^overnor  automatically  cuts  off  in  such  a  man- 
ner that  the  piston  stops  working  against  pressure.  The  motor- 
man  applies  the  brake  by  sim]3ly  turninji-  the  control) ins;  jv-alve, 
which  allows  the  air  to  enter  the  cylinder.  Onlv  three  ixiunds 
of  the  storage  pressure  are  required  for  each  applica'tion.  "NVlien 
the  brakes  are  released  and  the  car  starts  again,  the  piston  once 
more  operates  against  pressure  to  restore  the  reservoir  pressui'c 
to  32  pounds;  but  by  an  automatic  device  this  does  not  begin 
until  the  car  has  gathered  headway.  Then  only  five  revolutions 
are  required  to  recharge  the  reservoir  to  its  normal  pressure. 

In  the  second  method  or  system  the  running  of  the  air  pvunj) 
and  the  maintenance  of  the  reservoir  at  the  desired  ])ressure  is 
entirely  independent  of  the  speed  of  the  car.  The  pump  is  driven 
by  a  motor  which  is  supplied  with  electricity  from  the  trolley 
wire.  The  current  to  the  motor  is  automatically  turned  on  or 
shut  off  as  the  reservoir  pressure  drops  below  or  attains  tlie  de- 
sired pressure.  Besides  the  motorman  has  control  of  the  cuirent 
supply  to  the  motor  if  desired. 

An  important. subject  or  division  of  this  topic,  is  the  relations 
which  exist  between  the  various  forces  which  are  brought  into 
existence  by  an  application  of  the  brakes.  Some  of  the  problems 
which  wo  will  now  discuss,  bearing  on  this  subject,  are:  first, 
the  transfer  of  Aveight  from  the  rear  to  the  front  truck  during 
an  application  of  the  brakes;  second,  the  transfer  of  a  certain 
percentage  of  the  weight  borne  by  each  pair  (^f  wheels  of  a  four 
wheel  truck  when  unbraked,  from  the  rear  to  the  fron*  wheels 
Avhen  the  wheels  are  braked;  third,  the  relation  between  the  brake 
shoe  friction  and  tlic  rail  friction;  tourtli.  the  prnpcr  aimb^  at 
which  to  hang  the  brake  shoos,  so  that  the  brake  -hoe  pressures 
ma.y  approach,  as  near  as  possible,  those  theoretical  relations  or 
values  which  we  will  determine  in  Problem  T. 

These  problems  were  first  discussed  by  ^[r.  \l.  A.  Tarko, 
who  read  a  paper  before  the  New  York  liailway  Clnh  in  KSDT, 
iiiving  his  vi(>ws  and  solutions  of  the  foregoing  problem-.  lie 
thus  proceeded  to  consider  and  solve  Problem  I. 
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Problem  I. 

To  determine  the  proportionate  weight  which  »-nic]i  truck 
sustains  durinji;  an  ap]3lication  of  the  brakes. 

AVe  will  represent  the  car  with  its  trucks  removed  by  Fie;.  6. 
The  force  which  each  truck  exerts  upon  the  car  body  is  indicated 
by  an  arrow.  This  force  must  be  exerted  through  the  centre 
plate  of  each  truck.  In  this  case  we  are  considering  onlv  the 
case  where  the  brake  shoes  are  huno-  from  the  trucks.  Brake 
shoos  are  so  seldom  hun^'  from  the  car  body  that  their  discussion 
is   not  A'ery  profitable. 


Let  Pi  =  the  su]5i)ortino'  force  from  the  forward  truck,  which 
is  of  course  the  same  as  that  portion  of  the  weif^ht  of  the  car 
body  which  is  born  or  carried  by  that  truck. 

Po  =  the  supporting-  force  from  the  rear  truck. 

11  =  the  retardino-  force  exerted  upon  the  car  Ixxlv,  tlirouah 
the  centre  plates,  to  reduce  the  eneray  of  the  car  l)odv  due  to 
its  velocity  and  slacken  its  speed.  We  assume  that  the  brakinc; 
force  applied  to  each   truck  is  the  same. 

D,  =  the  pull  upon  the  draw  bar.  This  quantity  is  oenerally 
a  positive  quantitv  when  the  car  is  empty  and  bral<ed  to  its  full 
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capacity  and  a  locomotive  attaclied  ahead.  Sometimes  tliis  force 
may  become  uef>ative  when  tlie  cars  ahead  push  back  upon  the 
draw  bar,  or  the  unbraked  cars  in  the  rear  are  pushino-  this  braked 
car  into  those  ahead. 

D2  =  the  backward  pull  on  the  rear  draw  bar.  This  may 
be  a  positive  quantity  due  to  the  action  of  the  cars  ahead  or  may 
be  negative  due  to  the  action  of  the  cars  behind. 

Wi  =  the  weight  of  the  car  body,  acting  through  the  centre 
of  gravity  of  the  car  body. 

1  =  the  distance  from  centre  to  centre  of  the  trucks. 

k  ^  the  distance  the  centre  of  gravity  is  vertically  above 
the  point  of  contact  of  the  truck  and  the  car  body. 

z  =  the  distance  the  centre  line  of  the  draw  bar  is  above  th'S 
point  of  contact  of  the  car  body  and  the  truck. 

g  =  the  acceleration  of  gravity. 

p  =  the  negative  acceleration  or  retardation  due  to  an  a]i])li- 
cation  of  the  brakes. 

Now  the  forces  acting  upon  the  car  in  a  horizontal  direction 
are  Di,  D2  and  the  two  forces  H.  Therefore  the  total  effective 
resistance  to  the  forward  motion  of  the  car  body  is  2  11  +  T)> — D,. 
Each  particle  of  the  car  is  subjected  to  a  retardation  p,  and  thus 
the  total  retarding  force  is   equivalent  to  the  mass  of  the   car 

.    .  W 

body  multiplied  by  p,  or  an  imaginary  force   — ^  p,  acting  through 

the  center  of  gravity  of  the  car.  The  energy  of  the  car  due 
to  its  velocity  is  opposed  to  the  retarding  force  2  H  +  T).. — l^i ;  and 

thus  the  force  — ^   p  is  equal  and  of  opposite  sign  to  the  retarding 

*-> 

force,  and  their  algebraic  sum  is  zero.     That  is 

2H  +  D,-D.  =  -^p;  or  H  =  -^p  +  %-^^  (1) 

Taking  the  algebraic  sum  of  the  moments  of  the  forces,  renl 
and  imaginary,  about  the  point  of  intersection  of  the  forces  IT 
and  P,  at  the  front  centre  phite, 

P,l  +  (I),  -  n,)y.  +  ^^^pk  -  W,  I  =  0, 
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From  which  we  get 


P,.^-Zl    k.p_(D,-D,,^.  (2) 

Similarly  by  taking  moments  about  the  point  of  intersec- 
tion of  the  forces  H  and  P2  at  the  rear  center  plate  we  get, 

W  W       Ic  7 

P--T-'  +  ^  T-P  +  (Di-D,)f  (3) 

'Now,  Di —  Do  can  never  be  a  negative  quantity.  And  z, 
even  if  it  is  negative,  is  always  very  small.  Therefore  from  the 
two  equations  for  Pi  and  P2,  it  is  evident  that  the  sustaining  force 
Pi  is  always  greater  that  the  sustaining  force  Po  during  an  appli- 
cation of  the  brakes.  Or  that  portion  of  the  weight  of  the  car 
body  supported  by  the  forsvard  truck  during  an  application  of  the 
brakes  is  greater  than  that  supported  by  the  rear  trucks. 

Therefore  to  avoid  skidding  the  wheels,  consideration  of  the 
rear  truck  which  bears  the  least  weight  is  only  necessary.  This 
brings  us  to  the  second  problem,  namely  the  conditions  wdiich  pre- 
vail on  the  rear  truck  during  an  application  of  the  brakes.  To 
.simplify  oiu'  calculations  we  will  let  'the  algebraic  difference 
Di —  Dn^  D,  Then  the  force  with  which  each  truck  retards 
the  car  body  is 

H  =  -ip  +  -.  (4) 

Also  substituting  the  value  D  for  d —  J),  in  equation  (2) 
wc  get 

W,_W,    k     p    z 
-       2         g      1       2    1'  ^^ 

w^hich  is  the  portion  of  the  weight  of  the  car  body  carried  by  the 
rear  truck   during  an  a]iplication   of  the  brakes. 

Problem  TI. 

To  determine  the  conditions  existing  at  the  rear  truck  dur- 
ing an  application  of  the  brake. 
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The  skeleton  of  the  truck  is  shown  in  Fie;.  7.  The  variou- 
forces  which  act  on  the  truck  are  indicated,  and  defined  as  fol- 
lows:— 

Ri  =  the  pressure  of  the  forward  pair  of  wheels  on  the  rails. 

Hz  =  the  pressure  of  the  rear  pair  of  wheels  on  the  rails. 

Ti  ^  the  retardiujo-  frictional  force  applied  by  the  raik  to  ihe 
forward  pair  of  wheels,  and  keeps  up  their  continued  rotation 
in  spite  of  the  friction  of  the  brake  shoes. 


T2  =  the  retardins;  frictional  force  applied  by  the  raiL-  to  llie 
rear  pair  of  wheels,  and  keeps  u])  their  continued  rotation  in  spite 
of  the  friction  of  the  brake  shoes. 

Po  =  the  pressure  of  the'car  body  ui^ou  tlio  roar  truck.  Wo 
obtained  the  value  of  thig  in  Problem  I. 

II  =  the  force  with  which  the  car  body  dra.^s  the  truck  for- 
ward.    This  we  also  obtained  in  Problem  I. 

h  =  the  distance  between  \ho  ]ioint  of  contact  of  the  car 
body  and  the  truck,  and  the  top  of  the  raih 

d  =  the  distance  tlie  center  of  gravity  is  above  the  top  of  the 
rail. 
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b  =-  the  base  of  the  track. 

Wo=  the  weig-ht  of  each  complete  truck. 

Each  particle  of  the  track  suffers  a  retardation  p,  and  tlie 
total  retarding-  force  absorbed  by  the  truck  is  equal  to  the  mass 

w , 

of  the  truck  multiplied  by  p  or     — '  p.    And  this  imaginary  force 

acts  at  the  center  of  gravity  of  the  track  in  opposition  to  the 
retarding  forces,  and  must  be  the  equivalent  of  the  difference 
between  the  sum  of  the  retarding  forces  Ti  +  Ta  and  the  force 
H  which  urges  the  track  forward.     Thus, 

W., 
Ti  +  T,.-H  =  ^^p....  (6) 

(T 

Xow  taking  the  algebraic  sum  of  the  moments  of  the  real 
and  imaginary  forces,  first  about  the  point  of  contact  of  the  rear 
pair  of  wheels  and  the  rails,  we  get 

b  b     W., 

Hh  +  W,    -  +P,-^+_ipd-R,b=.0. 

Then  taking  moments  about  the  point  of  contact  of  the  for- 
Avard  wheels  and  the  rails  we  derive — 

b  b      W., 

Hh  -  W.,  ^  -  P.,   "  +  — ^'pd  +  Rob  =  0. 

,  '^ 

Substituting  in  the  last  three  equations  the  values  of  H  and  P2 
already  determined,  tlie  equations  become  respectively: — 

T.  +  T,-^p-^.=_p, 


W 

'0 


,  ^     D^     „,  b      W,   b      W,    k    b      ^zb      W.,    ,     „  ,      ^ 

Iph  +  -h  +  W,-+y  ---i   -p~-D-+— -pd-R,b  =  0. 


-D  u      ^i  u     ^u      W.,    ,     _  b      W,    b      Wi  K         b      ^  z     b      ^ 
R,b4-2^ph+-2h  +  — -pd-W,--y  -+_i   _.p.-+D     .  ,,=0. 

From  the  first  of  these  equations 

_  2T,+  2T,,-  D 
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Again,  isubstituting  in  the  second  and  third  of  the  above 
equations  the  value  of  p  and  collecting  similar  terms,  we  get — 

Rob  +  W,  (h  +  ^]+  •2W.,d  ,        W,  (h  -  y^)  +  2 W.,dl  D 

W^^w;^ (^'  +  ^^'^  +  r^  +  T wr-i:2Mr J  ^ 

4- 

Solving  these  equations  for  E.i  and  Ra  respectively,  sub- 
stituting for  Wi  +  2  W2,  the  complete  weight  of  the  car,  body 
and  two  trucks,  the  term  W, 

l^'  -  ^]  +2W  ^  2W  ('ll^+  "' V  W  — 

^^^ = T " ^^^; — ^' + ^-^ 2w ^• 

El  and  R2  are  the  pressures  of  the  fonvard  and  rear  wheels 
upon  the  rails,  when  Ti  and  To  are  the  retarding  frictions  exerted 
upon  the  wheels  by  the  rails,  and  D  is  the  algebraic  difference  of 
the  pulls  on  the  forward  and  rear  drawbars. 

ISTow  the  co-efficient  of  TiH-  T2  in  each  of  the  last  two  equa- 
tions, is  under  all  conditions  of  ordinary  service  a  positive  quan- 
tity. Therefore,  the  sign  before  each  second  term  remains  unalter- 
able. Again  the  co-efficient  of  D  is  also  a  positive  quantity  and 
the  algebraic  sign  of  the  last  term  is  unalterable.  Under  certain 
conditions  the  value  of  the  co-efficient  of  D  in  the  last  equa- 
tion, becomes  very  small,  but  does  not  become  negative.  "When 
7^  is  zero  the  last  tenus  disappear.  The  car  is  then  free  and  braked 
to  its  full  capacity.  In  this  case  it  is  evident  that  III  is  larger 
than  Ro.  And  the  sign  of  co-efficient  of  D  remaining  unalterable 
Ri   is  levidently  gi-eater  than   R..      Therefore  avo  conclude  that 
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under  any  conditions  when  the  brake  shoes  are  applied  with  the 
pame  pressure  to.,  each  pair  of  wheels,  the  rear  pair  are  the 
most  liable  to  slide  upon  the  rails;  and  thus  the  maximum  brake 
j-hoe  pressure  should  be  so  designed  that  the  rear  pair  of  wheals 
will  not  slide  when  the  brakes  are  applied, 

N'ow  the  greatest  pressure  upon  the  rails  of  the  fonvard  pair 
of  wheels  which  at  all  times  and  under  all  circumstances  may  be 
depended  on  for  rail  friction  to  cause  continued  rotation  of  the 
wheels,  is  when  D  =  O. 

R,  =  ^,-^^-l^ ^(T,  +  T,).  (8) 

And  under  the  same  conditions  Ro  is  a  minimum  when  D  is 
a  maximum.  To  determine  the  maximum  value  of  J),  equation 
7  may  be  transformed  into  the  form 

W 

D  =  2T,  +  2T2 p....  (9) 

&> 

D  and  p  are  the  only  variables  in  this  equation;  and  D  will 
then  be  a  maximum  when  p  is  a  minimum.  We  are  justified  in 
assuming  that  the  minimum  value  of  p  is  zero.  Then  the  maxi- 
mum value  of  D  is  2  Ti  +  2  T2.  This  occurs  when  the  car  is 
pushed  forward  from  a  state  of  rest  with  the  brakes  fully  applied. 
Substituting  this  value  of  D  in  the  equation  for  Ro  we  get  the 
.  minimum  pressure  of  the  rear  pair  of  wheels  upon  the  rails.  The 
brake  shoe  pressures  must  be  designed  for  this. 

W      /  h       z  \ 

^^  =  T-(b+i)^^^  +  ^-'^-  (^^> 

Equations  (9)  and  (10")  are  the  fundamental  equations  for 
determining  the  proper  brake  shoe  pressures  for  each  pair  of 
wheels.  The  rail  frictions  Ti  and  To  which  are  obtainable  to 
prevent  skidding  of  the  wheels  are  proportional  to  R,  and  Ro. 
And  the  maximum  brake  shoe  pressures  upon  both  pair  of  wheels 
are  directly  dependent  on  the  values  of  Ti  and  To. 

Of  course  it  is  customary  to  apply  the  same  pressure  to  t-Ke 
forward  as  to  the  rear  pair  of  wheels;  but  our  reasoning  shows 
that  a  much  greater  pressure  could  be  applied  to  the  front  pair 
of  wheels  with  no  greater  danger  of  sliding. 
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Problem  III. 
Our  next  problem  is  to  find  the  relation  between  the  brake 
shoe  friction  and  the  rail  friction;  or  to  determine  the  maximum 
safe  brake  shoe  friction  upon  each  pair  of  wheels. 

Let  fi  =  the  coefficient  of  static  friction  between  the  wheels 
and  the  rails. 

Then  T,  =  f ,Ri,  and  T,  =  f iR,, 

T, 

Let  Fi^that  friction  between  the  brake  shoes  and  the 
wheels  which  is  necessary  to  cause  the  rail  resistance  T,  u]^on  the 
forward  pair  of  wheels. 


or, 


R,  =  ?\  and  R, : 

It 


Fo=:  that  friction  between  the  brake  shoes  and  the  wheels 
which  is  necessary  to  cause  tlu^  rail  resistance  To  u]ion  the  rear 
pair  of  wheels. 

In  Fig".  8  are  shown  the  forces  that  affect  the  relation  of  the 
forward  pair  of  wheels.  Ti  is  the  frictional  force  which  causes 
rotation  and  Fi  is  the  frictional  force  resisting;  rotation,  and  is 
caused  by  the  brake  shoes.  Let  r  be  the  radius  of  the  wheel  and 
P  be  the  distance  of  any  elementary  ma^,  d  ^I,  of  the  wheels 
from  the  center.     The  retardation  at  the  periphery  of  the  wlieel- 
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is  the  same  as  that  of  the  car,  and  the  retardation  at  the  distance 

.    iJ 
!■>  from  the  centre  is  -p. 

The  force  which  is  exerted  on  the  mass  d  M  to  cause  a  retard 
ation  at  the  rate  —  p  is  d  M  -p.  The  friction  Fi  must  be  suffi- 
cient to  produce  this  retarding  force  upon  each  elementary  mass 
of  the  pair  of  wheels,  and  also  to  cause  the  frictional  resistance 
Ti  at  the  rails.  Now  taking  the  algebraic  sum  of  the  moments 
about  the  center  line  of  the  wheels,  we  get 


Fii-Tir-y  dM^p^O, 


=  Ti  +  M-^,p. 
r" 

In  the  above  equation  ri  is  the  radius  of  gyration  of  each 
wheel,  M  represents  the  mass  of  both  wheels.     If  w  =  the  weight 

2W 

of  each  wheel,  then  M  =  - —  •        From  careful  calculations  it  has 

.-> 

been  found  that  the  square  of  the  radius  of  gyration  is  equal  to 
0.6  times  the  square  of  the  radius  of  the  wheel.  Substituting 
these  values  in  the  above  equation, 

F.  =  T,+-^=-p....  (11) 

Proceeding  to  consider  the  rear  pair  of  wheels  as  we  have 

the  fonvard  we  obtain  f(n*  the  value. 

1 .  2w 
F,=  T,  +  --^p....  (12) 

The  value  of  p  is  given  in  equation  (7)  where 

2T,  +  2T.,-D  .^.^, 

p=-w;T2wr^  ^''^ 

Since  we  desire  to  find  the  condition  which  exists  when  tlie 
weight  supported  by  each  wheel  is  a  minimum,  we  will  consider 
the  valuea  of  Fi  and  F2  w^hen  Ki  and  R.  are  minimum  value-. 


156  AIR    BRAKES. 

We  have  previously  shown  that  when  D  =  O,  Ei  is  a  minimnm, 
and  then  the  value  of  p  is 

2T,  +  2T.,  -IT,  +  2T., 

--ir  or 


During  an  emergency  application  of  the  brakes  Fj  and  F.^*  have  a 
fixed  value,  and  the  values  of  Ti  and  T2  are  obtained  when  Ri 
is  a  minimum,  from  the  followins;  equations. 

F.  =  T,  +  1^(T,  +  T,) ;  F,  =  '1\  +  '^{T,  +  T,) 

Solving  for  1\  and  T.,  we  get, 

W  +  2  .  4w  -2  .  4w 

^^-W  +  4.8w-'^     VV  +  4.8W*'-  ^'^' 

W  +  2.4VV  2.4w 

^•■'~W+4.8w-^-"W  +  4.8w-^''  ^^'"^ 

Substituting  these  values  for  Ti  and  To  in  equation  (8),  bear- 

T 

ing  in  mind  that  Ivi=-j7^,  equation  (8)  becomes 

(W  +  2.4w)F,-2.4F,     W      (W,/h      k\      2W2d)  W(F,  +  F,) 

f;^W  +  4.8^)         "  T  ^  \  "W  V  b  "  1  /  "^  "wi7/w  +  4.8^     ^  ^' 

Now  when  R^  is  a  minimum  T)  is  a  maximum,  and  p  =  0. 
Therefore,  under  these  conditions  Fj  =  Ti  and  Fo  =  To  obtained 
from  equations  (11)  and  (12).      Substituting  thes(^  values  for  Ti 

T.. 

aud  To  bearing  in  mind  that  R.  =   ,."    equation  (0)  becomes, 


'..     W      /h      z\  ^      , 

;=T-(b  +  i)<^'+'''>-- ■  (''> 


F..     W 

I 


Combining  equations  (10)  and  (17)  we  get  two  equations 
from  which  we  can  obtain  the  values  of  Fi  and  Fo,  which  will  ho. 
the  maximum  brake  shoe  frictions  upon  the  forward  and  rear  pair 
of  wheels,  and  may  be  used  with  perfect  safety  from  wheel  skid- 
ding in  an  emergency  application  of  the  brakes. 

j(W  +  4.8w) 
F,  +  F,  =  f.^- 


...  /I     k  +  z\      ^..    /I     h-d     z\      ,    .     /I       h      y. 

(18) 
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and 

W  (2^  - 


k-z 


/h  +  d      z\  /I        h       z\ 


< 


d     z 

-  + 


k  +  z\       ^^^     /I      h- 


,         ,   I        h       z 

+^-^"<,2f;  +  b  + 

(19) 

So  far  we  have  determined  that,  first,  tlie  rear  track  supports 
less  weift'lit  than  forward  truck,  and  tlie  rear  pair  of  wheels  less 
wcip;ht  than  the  forward  pair  durino;  an  application  of  the  brakes. 
This  led  us  to  the  conclusion  that  if  we  design  our  riooinog  for 
the  brake  pressures,  the  front  wheels  of  each  truck  must  receive 
the  greater  pressures  than  the  rear  wheels. 


( 

"•§ 

9 

3=. 

(     0 

^ 

y 

*• 

«% 

■^ 

f 

The  following  discussion  will  show  that  this  inequality  of 
brake  shoe  pressures  may  be  provided  for  by  the  proper  in-lin- 
ation  of  the  brake  hangers. 

Problem  IV. 

Fig.  0  represents  diagrammatically  the  action  of  the  brakes 
upon  each  pair  of  wheels  of  a  truck,  wdien  the  brake  hangers  are 
in  line  with  the  tangent  to  the  wheel  at  the  centre  of  the  brake 
shoe.  The  same  pidl  P  is  applied  to  each  brake  beam.  The  brake 
shoes  exert  on  the  forward  pair  of  wheels  a  downward  frictional 
force  Fi,  and  on  the  rear  pair  an  upward  frictional  force  Fo.  Now 
with  whatever  force  the  shoes  act  downward  on  the  forward  pair 
of  Avhecls,  the  wheels  will  react  with  an  equal  and  opposite  foree. 
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Similarly  the  rear  pair  of  wheels  will  react  wixn  an  equal  and 
opposite  force  to  Y-y.  Considerino'  the  fonvard  pair  of  wheels, 
the  upward  force  Fi  is  directly  resisted  by  the  brake  hano-ers, 
which  are  now  under  compression  ctjual  to  the  force  F,.  Simi- 
larly the  rear  brake  hanger  is  subjected  to  a  tension  ecjual  tu  the 
frictional  force  F2. 

Consider  now  an  exaggerated  case,  in  which  the  ang-ularity 
of  the  brake  hangers  is  increased,  as  shown  in  Fig.  9.  Each  brake 
beam  is  subject  to  the  same  pull  P.  AVlien  the  front  brake  shoes 
have  been  brought  into  contact  with  the  forward  pair  of  wheels, 
the  force  which  is  brought  into  existence  by  the  friction  of  the 
two  surfaces,  tends  to  carry  the  shoe  upward,  along  the  surface  of 
the  wheel.  But  this  action  is  resisted,  by  its  brake  Iiangers,  on 
account  of  their  excessive  angularity.  Thus  there  is  a  very  sprang 
tendency  to  force  the  forward  ])air  of  wheels  away  from  the 
centre  of  the  track.  This  tendency  of  course  is  resisted  by  the 
truck  frame  and  thus  a  powerful  pressure  is  exerted  on  the  brake 
shoes,  in  addition  to  that  pull  exerted  by  the  brake  beams  upon 
the  brake  shoes.  In  this  way  the  brake  shoe  friction  F,  is  mater- 
ially greater  in  this  case  than  that  in  Fig.  8,  where  tlic  angle  of 
the  hanger  is  such  that  it  exerts  no  influence  to  force  the  brake 
shoes  against  the  wheels. 

The  effect  of  this  angularity  of  the  brake  hanger  ujion  the 
rear  pair  of  wheels  is  just  the  reverse  to  that  upon  the  forward 
pair.  The  reacting  downward  friction  of  the  rear  pair  of  whet^ls 
upon  the  brake  shoes  tends  to  force  the  brake  shoes  awav  from  the 
wheel.  This  tendency  diminishes  the  frictional  force  wliicli  re- 
tards the  velocity  of  the  wheels.  Now  if  the  angularitv  i-  so 
increased  that  the  brake  hanger  'would  be  i^arallel  or  in  line  with 
the  pull  P  then  the  frictional  force  practically  becomes  zero  upon 
the  rear  pair  of  wheels,  while  the  mere  initial  contact  between 
the  brake  shoes  and  the  forward  pair  of  wheels  would  alnmst 
instantly  result  in  creating  sucdi  a  high  frictional  force  F,  that 
the  wheels  would  immediately  be  locked  and  skidded. 

Therefore,  we  must  conelmh^  from  this  that  between  tlies© 
two  extreme  cases  or  limiting  values  of  the  angle  of  angularity 
it  is  possible  to  so  adjust  vonr  brake  shoe  hangers,  that  the  in- 
creased and  diminished  weights  supi)ortc<l  by  the  front  and  rear 
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trucks  will  be  taken  care  of  by  the  increased  pressure  on  the  for- 
ward wheels,  and  tlu^  diminished  pressure  upon  the  roar  ones. 
Thus  w^e  may  proportion  the  frictional  forces  Fi  and  Fo  in  any 
way  desired  by  a  proper  adjustment  of  the  an^'ularity  of  the 
Ijrako  shoe  hanger. 

It  will  also  be  observed  that,  if  in  Fio'.  9  the  wheels  rotate 
in  the  opposite  direction,  what  has  been  the  rear  pair  of  wheels 
wnll  now  become  the  forward  pair.  At  the  same  time  the  effect 
of  the  inclined  hangers  upon  the  two  pairs  of  wheels  has  been 
reversed,  so  that  it  is  still,  under  the  reversed  conditions,  the 
leading,'  pair  of  wheels  which  is  subjected  to  the  greater  brake 
shoe  pressure,  and  the  rear  pair  which  is  subjected  to  the  reduced 
pressure. 

Thus  we  are  enabled  by  this  method  to  desio-n  brakes  to 
meet  this  transfer  of  weight  from  the  rear  to  the  forward  pair  of 
wheels. 

The  following  description  of  the  general  action  of  railway 
lirakes,  and  the  nature  of  the  frictional  forces  which  are  brought 
into  existence,  through  an  application  of  the  brakes,  i.-;  to  some 
f'xtent,  a  repetition  of  the  discussion  <of  Problem  I.  When  a  train 
is  moving  at  a  given  velocity  the  adhesion  of  the  wheels  on  the 
rails  cause  them  to  rotate.  Every  point  on  the  surface  of  the 
tire  moves  around  at  the  same  rate  as  that  at  which  the  train  is 
moving  forward.  But  every  such  point,  in  relation  to  the  for- 
Avard  movement  of  the  train,  conies  successively  to  rest  at  the 
moment  when  it  comes  in  contact  with  the  rail.  Xow  when  the 
brakes  are  applied  with  a  slight  pressure  ordy,  the  wheel  continues 
to  move  round  at  the  same  rate  as  the  train  is  moving,  but  with 
more  difficulty.  This  increased  difficulty  in  moving  is  shown, 
citlier  in  an  increase  in  the  traction  force,  which  is  required  to 
keep  up  the  forward  movement,  or,  in  cases  where  the  accelerating 
force  is  not  kept  up,  by  the  tendency  of  the  moving  mass  to  come 
1o  rest  in  a  shorter  time.  But  if  the  pressure  with  which  the 
brakes  are  applied  be  increased,  a  point  is  reached,  at  which  the 
friction  between  the  brake  shoes  and  the  wheels  first  approaches, 
then  equals  and  finally  exceeds  the  adhesion  of  the  wheel  to  the 
rail.  This  adhesion  corresponds  to  the  static  friction  which  exists 
between  two  surfaces  at  rest.     The  point  on  the  circumference 
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of  the  "wheel,  which  is  in  mometary  contact  with  the  rail  is  at 
rest  during-  that  instant.  Thus  we  apply  the  ordinary  equations 
for  static  friction  to  obtain  this  adhesive  force  between  the  wheels 
and  the  rails.  Xow  when  the  friction  between  the  brake  shoes 
and  the  wheels  exceeds  the  static  friction  between  the  wheels  and 
the  rails,  the  wheels  first  begin  to  revolve  more  slowly,  and  finallv 
cease  to  revolve  at  all  and  slide  alone:  the  rails.  In  this  case 
the  static  friction  between  the  wdieels  and  the  rails  ehan<i,es  to 
dynamical  friction,  or  the  friction  caused  by  one  surface  moving: 
over  another.  The  coefficient  of  dynamical  friction  is  much  less 
than  the  coefficient  of  statical  friction.  This  has  been  proved  by 
experiment.  And  thus  the  retardation  in  this  case  is  much  less 
than  that  in  the  previous  one.  Therefore,  the  most  efficient  and 
the  quickest  stops  are  made,  when  the  friction  between  the  brake 
shoes  and  the  Avheels  is  a  little  less  than  the  friction  which  can  be 
obtained  between  the  wheels  and  the  rails. 

The  friction  between  the  brake  shoes  and  the  wheels  is  a 
variable  quantity,  depending  on  the  coefficient  of  friction  between 
these  movins;  surfaces.  Captain  Galton  in  a  series  of  exhaustive 
tests  and  trials  of  railway  brakes  durinc;  the  years  1878  and  1870, 
succeeded  in  obtaining  the  relation  between  the  coefficient  of  fric- 
tion and  the  velocity  of  the  train.  As  the  velocity  of  the  train 
increases  the  coefficient  of  friction  decreases.  This  is  plainlv 
indicated  in  the  following  table,  constructed  from  Captain  Gal- 
ton's  experiments.  ,       '    ' 


Coefficient  of  Friction  /. 

COEFFICIEIfT 

of  Friction. 

V. 

V. 

Calculated. 

Observed. 

Calculated. 

Observed. 

0 

.320 

.330 

45 

.120 

.127 

5 

.277 

.273 

50 

.lis 

.110 

.... 

10 

.241 

.242 

55 

.111 

.111 

.... 

15 

.213 

.223 

00 

.105 

.074 

20 

.1<)1 

.102 

1     05 

.090 

.... 

25 

.173 

.100 

'     70 

.0<)4 

30 

.158 

.104 

SO 

.085 

1 

.ST) 

.140 

.142 

00 

.07S 

40 

.135 

.140 

100 

.072 

.... 

These  values  of  /  can  only  be  used,  wlien  the  conditions 
are  the  same  as  those  under  which  these  trials  were  conducted, 
that  is  with  cast  iron  shoes  and  steel  tired  wheels. 
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Captain  Galton  from  a  further  study  of  his  experiments 
found  that  the  point  at  which  the  rotation  of  the  wheels  is  an-ested 
so  that  they  slide  on  the  rails,  depends  upon  the  amount  of  fric- 
tion between  the  brake  shoe  and  the  wheel,  the  weight  upon 
the  wheel,  and  the  condition  of  the  rails  which  govern  the  ad- 
hesion between  the  wheels  and  the  rails.  Therefore,  with  the 
same  weight  upon  the  wheels,  and  the  rails  in  a  similar  condition, 
the  same  amount  of  friction  will  stop  the  rotation  of  the  wheels, 
no  matter  at  what  speed  they  are  revolving.  The  relation  then 
that  the  speed  has  to  this  subject  is,  as  stated  before,  that  as  the 
speed  increases  the  brake  shoe  pressure  must  also  be  increased  to 
make  up  for  the  decrease  in  the  value  of  the  coefficient  of  friction 
and  still  maintain  the  fricton  constant  or  a  maximum. 

Another  feature  that  was  brought  out  by  these  experiments, 
was  that  as  the  duration  of  time  of  the  application  of  the  brakes 
increased,  the  friction  between  the  brake  shoes  and  the  wheels 
decreased.  This  the  above  experimenter  explains  as  follows: — 
"  Each  surface  is  composed  of  a  series  of  small  mountains  and 
hills  and  the  longer  the  surfaces  remain  in  contact,  the  quicker 
are  these  irregularities  worn  down,  and  thus  the  friction  between 
these  surfaces  will  at  the  same  time  decrease."  The  following 
table  illustrates  the  point  fully: 


Vklocity. 

Coefficient  of  Fkiction 

Dynamic   Friction 

Cast  Iron  or 
Steel. 

Ft.  per. 

Miles 

At  Com- 

After 5 

After  10 

After  15 

After  20 

Sec. 

per  hour 

ment. 

Sees. 

Sees. 

Sees. 

Sees. 

.Tust  coming  to  rest 

I  to  3 

i;  to  2 

.250 

When  moving:  at 

10 

«.8 

.242 

20 

13. (J 

.213 

.193 

2.'> 

17.0 

.205 

.157 

.110 

30 

20.4 

.182 

.152 

.1.33 

.lie. 

.OIK) 

40 

27.3 

.171 

.130 

.119 

.081 

.072 

45 

30.7 

.1G3 

.107 

.099 

5.5 

.S7..') 

.1.52 

.0% 

083 

.069 

GO 

40.  H 

.144 

.093 

.070 

'           " 

70 

47.7 

.132 

.080 

.070 

"           "         

88 

60.0 

.072 

.063 

.0£8 

It  is  evident  from  consideration  of  Table  I,  that  the  pressure, 
which  if  applied  would  stop  the  rotation  of  the  wheels  when,  the 
1 1 
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velocity  is  great,  is  much  larger  than  that  required  to  stop  them 
when  their  velocity  is  small.  Thus  we  may  apply  to  the  hrake 
shoes  at  the  begiunino-  of  the  application  of  the  brakes  when  the 
sjieed  is  high,  an  excessive-  piessure ;  and  as  the  speed  slackens 
gradually  reduce  this  pressure,  so  that  there  will  be  no  liability 
of  the  wheels  ceasing  to  revolve  before  the  train  is  brought  to 
rest. 

The  force  which  may  be  exerted  on  the  brake  shoes  besides 
being  dependent  on  the  speed  of  the  train,  is  also  dependent  on 
the  condition  of  the  rail.  The  condition  of  the  rail  affects  the 
coefficient  of  adhesion  between  the  rail  and  the  wheel.  And 
since  the  frictional  force  caused  by  the  brake  shoes  mut  not  ex- 
ceed the  friction  between  the  wheel  and  the  rail,  the  brake  shoe 
pressure,  which  may  be  used  is  dependent  upon  the  coefficient 
of  adhesion.  The  following  table  gives  approx  results  showins;  the 
proportion  that  the  brake  prcvssure  should  bear  to  the  weight 
on  the  wheels  at  different  speeds  and  with  different  coefficient^ 
of  adhesion  for  the  rail  and  wheel  contact. 


Speed. 

Approximate  Ratio. 

Feet  ijer 
hour 

Miles 
per  hour ' 

Coef.  ofadhes. 

Coef.  of  adbes. 

Coef.  ofadhes. 

Coef.  of  adhes. 

..30 

.25 

.20 
0.83 

.15 

11 

7.5 

1.2 

1.04 

0.(«) 

22 

15.0 

1.41 

I.IS 

0.!I4 

0.70 

29 

•JO.O 

1.64 

].S7 

i.on 

0.82 

44 

:?4.o 

1.83 

i.n.s 

1.22 

<i.'.»2 

59 

4(.0 

2.07 

i.7:> 

1..S.S 

1.04 

73 

50.0 

2.48 

2.07 

l.tM 

1.24 

88 

(50.0 

4.14 

3.47 

2.77 

2.  OS 

The  coefficient  of  adhesion  is  affected  by  the  condition  of  the 
rails.  In  wet  weather  and  with  a  greasy  rail  the  coefficient  is 
small.  With  a  dry  rail  the  coefficient  is  high.  If  sand  is  applied 
under  each  wheel  when  the  rail  is  in  its  worst  condition,  the 
coefficient  is  increased  to  near  th(>  vnlne  it  has  wIkmi  the  rail 
is  dry. 

For  passenger  service  00%  of  the  weight  of  the  car^  when 
empty,  is  the  maximum  brake  force  allowable.  And  for  freight 
service  70%  of  the  weight  of  the  car  \Yhen  empty,  is  the  maxi- 
mnm  allowable  brake  force. 


SIGNALING. 


By  E.  Latham. 


There  is  perhaps  no  other  branch  of  raih-oad  engineering^ 
that  has  taken  such  great  strides  within  the  last  thirty  years  as 
signaling.  Its  growth  has  necessarily  accompanied  the  vast  in- 
crease of  traffic,  higher  speed  of  trains  and  the  multiplication  of 
grade  crossings,  both  highway  and  railroad,  the  latter  of  course 
being  the  most  important.  We  have  to  look  to  some  of  those 
splendid  s,ystems  in  the  United  States  to  find  perhaps  the  most 
perfect  systems  of  sig-naling.  The  mileage  of  railroads  on  this 
continent  is  necessarily  very  gTeat,  hence  the  great  expense  of 
complete  signal  equipment;  yet  the  demands  of  traffic  have  war- 
ranted in  some  cases,  the  installation  of  the  most  modern  and 
(wpensive  apparatus  to  protect  the  trains  while  running  at  light- 
ning speed,  and  to  keep  them  so  spaced  that  there  shall  be  ample 
distance  in  which  they  may  be  brought  under  full  control  and  if 
necessary  to  a  dead  stop,  in  case  of  derailments  or  accidents  ahead, 
jnid  so  avoid  collision.  Protected  in  this  way  we  have  trains  run- 
ning sometimes  within  sight  of  each  other  at  speed  greater  than 
a  mile  a  minnte  without  the  slightest  danger  of  collision  (prof\'ided 
the  trainmen  are  in  their  proper  senses),  all  signals  being  visible 
day  and  night. 

The  problem  of  grade  crossings  have  been  gr(>atly  simplified 
withont  elevation  or  deiiression  of  tracks.  This  is  of  great  im- 
portance, especially  in  America  where  there  are  so  many  even 
on  important  roads.  The  clumsy  and  costly  ]3recaution  of  stop- 
ping a  train  at  every  grade  crossing  is  now  done  away  with  by 
the  aid  of  interlocking  apparatus  and  signals,  with  the  greatest 
safety  and  success. 

The  first  expense  of  installing  these  interlocking  plants  is,  of 
course,  high,  involving  as  they  do  a  svsteni  of  signals  and  derailing 
apparatus  with  the  necessary  mechanical  connection  with  an  inter- 
locking tower,  and   there  is  the  secondary  and  constant  expense 
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of  manual  operation.  But  it  has  been  found  that  even  with  the 
lightest  traffic  on  single  or  double  tracked  roads  that  the  sum 
saved  annually  pays  a  high  rate  of  interest  upon  the  investment. 

A  great  deal  could  be  written  on  the  subject  of  signaling. 
It  is  not  in  its  highest  stage  of  development  and  so  far  its  funda- 
mental principles  are  not  by  any  means  numerous.  Experience 
has  taught  that  to  space  trains  by  time  is  vastly  inferior  to  spacing 
them  by  distance,  but  it  is  a  strange  fact  that  only  about  fourteen 
per  cent,  of  the  railroads  in  America  use  the  latter  system,  the  rest 
using  the  former  or  some  modification  of  it.  The  idea  of  the 
"■space  interval"  system  originated  in  England  where  the  "time 
interval"  system  also  was  in  use,  and  it  was  only  a  short  time  after 
the  first  trains  were  run  under  the  space  interval  or  block  system 
that  practically  every  English  road  had  adopted  the  same  system. 
In  America  the  "time  interval"  system,  which  is  practicallv  a 
flagging  system  when  trains  become  disabled,  was  in  use  as  in 
England,  but  unlike  the  English,  the  "train  despatcher"  system  was 
introduced  a?  an  intenncdiate  step  between  the  "time  interval" 
and  block  systems,  two  systems  which  vary  so  much  in  their  prin- 
ciples. It  is  a  fact  worthy  of  note,  that  Avherever  the  block  sys- 
tem has  been  introduced,  it  has  never  been  abandoned,  so  satisfac- 
tory have  been  its  results. 

In  this  paper,  no  attempt  will  be  made  to  exhaust  the  sub- 
ject, but  a  sketch  of  English  and  American  practice  will  be 
drawn,  paying  more  attention  to  the  latter,  as  it  seems  to  show 
signs  of  higher  development  than  the  former,  although  the  Eng- 
lish still  hold  the  record  for  the  least  number  of  accidents  due  to 
false  signals.  The  fact  that  the  English  ideas  of  signaling  arc 
far  more  conservative  than  American,  perhaps  accounts  for  the 
fact  that  there  are  practically  no  automatic  block  signals  in  Eng- 
land, while  in  America  they  are  becoming  numerous,  owing  to 
their  economy  and  satisfactory  results.  It  is  the  intention  of  the 
writer  to  compare  briefly  the  English  and  American  practice 
after  the  principles  of  each  have  been  described,  so  that  the  rela- 
tive advantages  and  defects  of  each  may  be  noted;  the  reader  of 
course  being  at  liberty  to  judge  for  himself  from  remarks  made, 
which  seems  to  him  the  better  practice  of  the  two. 
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Manual  Block  Signaling. 

Manual  block  signalinc;  is  the  system  universally  employed 
by  Ensclish  double  tracked  roads.  The  system  was  introduced 
about  1853,  and  subsequently  parliament  passed  an'  act  requiring 
its  adoption  by  all  important  passenger  lines.  The  consideration 
of  such  a  system  means  a  study  of  English  practice,  with  its  forms 
of  signals,   colors,  and  rules  of  operation. 

The  term  "block  signaling"  is  applied  to  that  arrangement 
of  outdoor  signals  and  electric  communication  by  which  two 
trains  may  be  kept  spaced.  In  other  words,  the  line  is  divided 
into  sections  or  blocks  whose  lengths  var^^  with  the  necessities  of 
traffic.  Lines  Avith  heavy  traffic  or  great  frequency  of  trains,  have 
blocks  a  mile  in  length  and  sometimes  less;  those  which  run  trains 
less  frequently,  have  sections  as  Jong  as  five  miles.  Only  one  train 
is  permitted  to  be  in  a  block  at  a  time  and  permission  to  enter  a 
succeeding  block  is  given  by  an  attendant  situated  in  a  signal 
tower  at  the  beginning  of  that  block.  The  attendant  at  each 
block  cabin  keeps  watch  of  the  trains  passing  him,  records  the 
time  of  their  arrival  and  info?'ms  the  attendant  at  either  side 
of  him.  He  sends  to  the  signal  tower  in  advance  a  warning  that 
a  train  is  approaching  and  to  the  tower  in  the  rear  the  assurance 
that  same  train  has  arrived  and  passed  his  cabin,  thus  authorizing 
the  latter  to  set  his  signals  for  a  second  train. 

The  English  block  system  has  remained  practically  unchanged 
for  the  last  quarter  of  a  century.  The  invention  of  new  mechani- 
cal "locking"  devices  has  wrought  some  slight  changes,  but  the 
methods  have  remained  the  same.  A  series  of  signal  cabins  or 
towers  placed  at  different  distances  (according  to  the  length  of  the 
block),  keep  the  trains  so  spaced  that  only  one  train  can  be  in  a 
block  at  once  (except  when  "permissive"  blocking  is  done).  These 
cabins  are  so  located  that  they  can  operate  switches  and  cross-overs 
from  main  lines,  Xear  important  towns  and  junctions  they  are 
often  placed  within  sight  of  each  other,  as  the  distance  from 
switches  must  not  exceed  about  540  feet  in  the  case  of  split  switches, 
nnrl  000  feet  in  the  case  of  throw  switches,  in  order  that  they 
may  ho  workable.  "When  once  a  train  has  boon  dospatcluHl  from  a 
town  its  running  is  left  entirely  to  the  cabin  operators,  so  that 
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safe  handling  depends  entirely  upon  the  watchfulness  and  obedi- 
ence to  rules  on  the  part  of  the  operators  themselves.  The  opera- 
tion of  one  signalman  is  contingent  upon  that  of  another  owing 
to  the  use  of  electric  locking  apparatus  between  two  succeeding 
cabins,  and  by  having  electrical  communication,  both  may  act  in 
conjunction. 

When  operator  at  A  wishes  to  send  a  train  into  the  block 
section  A-B  by  push  button  and  bell  signal,  he  registei's  ''be 
ready"  on  an  indicator  instrument  with  which  each  cabin  is  sup- 
])lied,  and  then  it  is  repeated  back  to  A,  whereupon  the  operator 
at  A  gives  a  description  of  train  by  bell  signal,  and  if  B  is  ready 
to  accept  train,  he  puts  the  handle  of  his  instrument  in  the  posi- 
tion meaning  that  he  accepts  train.  This  causes  indicator  at  A 
to  go  to  "line  clear,"  whereupon  A  can  set  his  sigiials  at  "safety," 
after  w^hich  he  gives  a  dial  signal  to  B,  showing  train  on  line, 
which  B  acknowledges.  Such  messages  require  only  a  few  seconds 
for  transmission,  so  that  the  fastest  flyer  may  proceed  from  block 
to  block  finding  signals  set  at  "safety"  for  each  block,  although 
normally  at  danger.  When  the  blocks  are  short  and  trains  fre- 
quent it  will  sometimes  keep  the  sionalmen  on  the  alert,  to  have 
their  signals  properly  set,  and  in  this  case  the  operators  are  per- 
mitted to  give  the  warning  "bo  ready"  in  advance,  so  that  the 
signals  may  be  "pulled  off"  considerably  in  advance  of  passing 
trains. 

Sometimes  more  than  one  train  is  permitted  into  a  block  at 
one  time.  This  is  called  "pennissive"  blocking,  and  is  only  prac- 
ticed on  busy  freight  tracks,  on  block  sections  in  large  cities.  The 
operator  A  records  the  number  of  trains  he  has  allowed  into  the 
block,  and  operator  B  recording  when  each  train  leaves  the  block, 
keeps  operator  A  posted  as  to  how  many  trains  arc  left  in  the  block. 

Form  of  Sig)ials. 

Practically  the  only  form  of  signal  in  use  on  the  imjiortant 
lines  of  England,  are  of  the  semaphore  type.  For  main  line 
switches  a  ground  disc  signal  is  used.  The  almost  exclnsive  use 
of  the  semaphore  type  is  the  result  of  a  joint  agreement  of  the 
roarls.      Tho  Board  of  Trade,  which  has  power  from   parliament 


SIGNALING.  167 

to  control  in  some  respects  the  railroads  of  Great  Britain,  has  re- 
commended the  universal  employment  of  the  semaphore  type  and 
it  has  therefore  become  the  standard  signal  for  practically  all  lines. 
The  English  semaphore  differs  little  from  others;  the  blade 
or  arm  is  about  6  feet  long  and  9  inches  wide  throughout  there 
being  no  taper  to  the  arm,  unlike  the  American.  The  blades  of 
home  signals  have  square  ends,  those  of  distant  signals  have  fish- 
tail ends.  Those  for  low  speed  or  freight  tracks  are  distingTiished 
from  those  for  high  speed  tracks  by  a  white  circular  ring  on  the 
face  and  a  black  one  on  the  back.  The  horizontal  position  of 
the  ann  is  taken  to  mean  "danger"  or  "stop,"  while  the  inclined 
position  (at  45"  or  00"  with  the  horizon)  "safety"  or  "proceed." 
When  there  is  nothing  on  line  these  are  set  at  danger  or  in  the 
horizontal  position,  or,  in  other  words,  the  "normal"  position  of 
the  semaphore  is  always  at  "danger."  This  seems  to  be  a  rule  of 
Englisli  raih-oad  signaling  that  is  observed  on  every  road.  The 
block  signals  are  interlocked  with  main  line  switches  nearby,  the 
sigiial  cabins  being  so  placed  as  to  serve  the  purpose  of  interlock- 
ing towers  for  the  switches. 

Color  of  Sif/nals. 

The  blades  of  the  home  and  distant  signals  are  painted  alike, 
red  on  face  with  a  white  band  across  it,  and  white  on  back  with 
a  black  band  across  it.  Nearly  all  important  roads  have  adopted 
gToen  for  safety  and  red  for  danger  for  night  signals.  Originally, 
A\'hit(>  was  the  standard  color  for  safety,  which  is  still  the  case 
on  the  majority  of  roads  in  America.  To  change  from  one  color 
to  another  means  a  great  expense  to  a  railroad,  so  it  would  have 
to  be  almost  a  case  of  compulsion  before  such  a  step  would  be 
taken.  Tlic  fact  that  in  such  a  densely  populated  country  as  Eng- 
land an  observer  at  night  would  see  nothing  else  but  white  lights 
is  the  reason  for  such  a  change.  It  was  found  that  a  distinc- 
tive color  for  safety  was  required  so  that  the  engineer  would  not 
mistake  the  lioht  on  some  bridge,  or  in  a  house,  for  his  safetv 
signal.  This  is  perhaps  the  strongest  objection  raised  to  the  use 
of  white  licrht  for  safety,  and  it  has  had  such  weight  with  manace- 
monts  of  the  various  roads,  that  in  spite  of  the  great  expense  in- 
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volved,  they  have  one  and  all  abandoned  the  white  and  adopted 
the  green  light  for  safety. 

A  second  reason  for  the  change  from  white  to  green,  lies 
in  the  fact,  that  it  was  the  custom  of  some  roads  to  have  their 
semaphores  show  a  green  light  (meaning  caution)  in  large  stations 
and  busy  yards,  as  the  running  of  trains  through  these  parts  had 
to  be  done  with  the  greatest  caution.  The  arm  would  be  set  at 
"safety"  while  the  light  indicated  "caution."  In  the  country  the 
arm  would  be  set  at  safety  while  the  light  indicated  "  proceed." 
This  inconsistency  led  to  the  belief  tliat  a  signal  meaning  caution 
should  be  discarded  as  unsafe,  and  that  there  should  be  but  two 
signals,  "stop"  and  "proceed,"  and  if  caution  in  nmning  through 
certain  districts  be  required,  let  it  be  expressed  by  order  board  or 
written  order. 

Placing  of  Signals. 

The  position  of  signals,  so  that  they  may  be  viewed  with  ease, 
is  a  problem  not  always  easy  to  solve.  The  shape  of  the  road, 
the  presence  of  cuts  or  bluffs,  will  present  difEculties  in  placing 
signals.  In  England,  railroads  run  exclusively  on  the  left  hand 
tracks,  and  this  practice  is  carried  on  to  some  extent  in  America. 
In  most  cases  the  signal  posts  are  placed  to  the  left  of  the  track 
they  govern,  the  arm  pointing  awav  from  it.  This  is  the  rule, 
but  it  often  happens  on  curves  that  the  signal  post  governing  the 
left  hand  track  is  placed  on  the  right  of  the  railway  line,  making 
the  situation  rather  complicated  to  the  observer,  but  to  the  engine 
driver  who  knows  every  foot  of  his  road,  perhaps  this  is  of  little 
consequence.  He  of  course  can  remember  the  rule  that  all  signals 
governing  his  train  have  the  blades  pointing  to  the  left  from  the 
post.  This  rule,of  course,  is  of  use  to  him  only  during  the  day 
when  the  blades  are  visible,  but  at  night  he  has  to  be  on  his  guard 
and  know  the  peculiarities  in  the  placing  of  signals. 

Sighting  of  Signals. 

The  "sighting"  of  signals,  i.e.,  the  placing  high  or  low  that  they 
are  visible  to  the  engine  driver,  is  done  with  the  greatest  care  so  as 
to  get  the  best  possible  height  for  clear  vision.     Posts  as  high  as 
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fifty  feet  are  required  for  this  purpose,  and  even  then  it  is  some- 
times necessary  to  build  a  l)ack  ground  for  signals  in  order  to  make 
them  visible  day  and  night.  On  four  track  lines  and  near  junc- 
1if)ns  and  terminals,  where  there  are  numerous  parallel  tracks,  sig- 
nal bridges  spanning  the  tracks  are  constructed  high  enough  to 
give  ample  head  room  for  brakesmen.  These  structures  are  built 
light,  usually  of  iron,  and  afford  the  best  means  of  placing  signals 
as  each  track  can  have  its  governing  signal  directly  over  it.  In- 
stead of  these  bridges  a  cheaper  stand  for  signals  is  found  in 
bracketed  posts,  a  signal  being  placed  on  each  bracket.  This 
means  of  placing  signals  is  getting  away  from  the  simple  and 
natural  way  of  having  each  signal  directly  over  the  track  it  is 
intended  to  govern,  and  then  there  can  be  no  mistake  in  the  in- 
terpretation of  the  signals. 

Distant  and  Home  Signals. 

In  English  block  signaling  there  is  really  no  difference  be- 
tween the  home  and  distant  signal  as  far  as  the  position  of  the 
blades  and  color  of  lights  are  concerned.  The  distant  signal  has 
the  fish-tail  end  while  the  home  has  the  square  end.  At  night, 
however,  only  the  lights  are  supposed  to  be  seen,  and  red  and 
green  are  used  for  "danger"  and  "safety"  on  both  home  and  dis- 
tant signals.  If  an  engine  driver  finds  his  distant  signal  at  dan- 
ger he  knows  that  he  may  expect  to  find  the  home  at  the  same, 
and  slackens  speed  so  that,  if  necessary,  he  may  come  to  a  full 
stop  without  passing  the  home  signal.  The  distant  signal  then 
is  simply  a  forewarning  to  the  engine  driver  as  to  how  he  may 
expect  to  find  the  home  signal. 

The  home  signals  mark  the  end  or  the  beginning  of  the  block 
and  are  therefore  placed  opposite  the  signal  towers.  The  distant 
signals  are  placed  from  2,000  to  2,500  feet  in  the  rear  of  the 
liome  signals,  giving  sufficient  distance  for  the  speediest  and 
heaviest  trains  to  stop  before  passing  the  home  signal.  When 
permissive  blocking  is  done  the  train  is  required  to  come  to  a  full 
ptop  at  the  home  signal  and  is  then  allowed  to  proceed  on  verbal 
order  from  the  towerman.  "When  the  blocks  are  short  (about 
•|  mile)  the  distant  signal  of  a  block  is  often  placed  on  the  home 
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signal  post  of  the  block  in  its  rear.  This  is  found  convenient  and 
economical.  The  fact  that  a  distant  signal  might  not  be  visible 
owing  to  the  lamp  being  out  or  burning  dimly  is  provided  for 
by  means  of  an  ■  apparatus  which  rings  a  bell  in  the  cabin.  In 
foggy  weather,  torpedoes  are  placed  on  the  track  opposite  the  dis- 
tant signals  as  a  warning  to  the  engine  driver  that  he  is  approach- 
ing the  home  signal. 

American  Block  Signaling. 

The  manual  blocking  just  described  is  practically  the  only 
system  of  signaling  in  use  on  English  railroads,  and  it  has  been 
found  to  be  the  only  practicable  one  suited  to  English  traffic  which 
necessarily  is  very  heavy.  In  America  different  conditions  pre- 
A'ail.  The  railroads  here  have  a  great  mileage,  many  lines  have 
only  one  track,  some  two,  three  and  four  tracks.  Some  of  these 
run  through  country  sparsely  populated  as  well  as  through  thickly 
populated  districts,  so  that  we  often  find  more  than  one  system  of 
signaling  on  the  same  road,  the  system  being  more  complete  in 
the  thickly  populated  districts  than  in  the  open  country. 

Telegraph  BlocJrlnf/. 

The  simplest' form  of  block  signaling  in  America  is  the  tele- 
graph block  , system.  This  resembles  very  much  tlic  English 
manual  blocking,  but  has  not  the  same  degree  of  interlocking  of 
switches  and  signals  as  the  latter.  It  is  used  only  on  lines  of 
great  traffic  between  important  cities  where  trains  run  very  fre- 
quently. It  is  fast  being  superseded  by  the  automatic  system  as 
the  expense  of  operating  involved  in  salaries  of  operators,  main- 
tenance of  apparatus  and  structures  is  great  compared  to  the  latter. 

The  track  is  divided  into  blocks  or  sections  varying  in  length 
from  one  to  four  miles.  Signal  cabins  are  placed  at  the  begin- 
ning of  each  block.  The  signals  operated  from  these  cabins 
authorize  trains  to  enter  tlu^  various  blocks.  Figure  1  represents 
a  block  section  with  the  home  signals  a  cl'  b.  A  train  in  passing 
in  the  direction  A  B  is  pennitted  to  enter  the  block  by  the  low- 
ering of  semaphore  arm  of  signal  a,  ojierated  by  tlie  attendant 
at  cabin  A.  If  arm  of  signal  a  is  in  the  horizontal  iiosition,  the 
engine  driver  knows  that  block  is  not  clear  and  awaits  until  it 
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is  lowered,  when  he  may  proceed  as  far  as  sisjnal  b,  w^here  he  2;ets 
permission  to  enter  the  next  block  B-C.  After  train  has  passed 
cabin  A,  it  is  the  duty  of  the  attendant  at  A  to  bring  his  signals 
to  danger — the  normal  position  of  all  home  signals.  After  train 
has  passed  B,  he  notifies  A,  so  that  he  (A)  may  lower  his  signals 
for  another  train. 

Signals. 

The  signals  are  of  the  semaphore  type,  with  the  arm  so 
arranged  as  to  give  three  positions.  The  arms  are  from  five  to 
six  feet  in  length  and  taper  towards  the  point  of  suspension.  The 
home  signals  are  painted  yellow  or  red  on  the  face  with  a  band 
near  the  end,  and  white  on  the  back.  The  distant  are  painted 
<rrcen  on  the  face  with   white  on  the  back.      They  are  mounted 
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on  wooden  posts  usually  from  20  to  30  feet  high,  set  on  the  right 
hand  of  the  track  they  govern  with  the  blade  swinging  to  the 
right  of  the  post.  A  counterweight  causes  blade  to  assume  the 
horizontal  position  should  the  wure  connection  between  the  cabin 
and  the  signal  post  break.  Distant  signals  are  used  as  an  indication 
of  the  position  of  the  home  signals,  being  fitted  with  whit€  and 
green  lights,  the  home  signals  showing  three  lights — red,  green, 
and  Avhite.  They  are  placed  from  800  to  2,500  feet  from  the 
home  signals,  the  levers  operatiug  each  are  interlocked  so  that 
distant  signals  cannot  be  thrown  to  safetv  until  the  home  has 
assumed  the  same  position;  and  therefore  a  home  signal  can  be 
thrown  to  the  danger  position  the  distant  must  be  thrown  to 
"caution."  Where  blocks  are  short  it  is  found  economical  to 
place  the  distant  signal  of  a  block  on  the  home  signal  post  of  the 
block  in  the  rear. 
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Figure  2  is  a  sketc-li  of  tlie  three  position  semaphore;  the 
semaphore  easting  is  so  constructed  as  to  carry  red  and  green 
lenses.  The  position  (a)  means  danger,  (b)  caution,  (c)  proceed. 
Positions  (b)  and  (c)  are  the  only  ones  assumed  by  the  distant 
signal.  Where  blocks  are  long,  it  is  often  desired  to  do  "'permis- 
sive blocking,"  or  allow  more  than  one  train  in  a  block  at  once. 
The  home  signal  is  made  to  assume  the  position  as  shown  in  (b), 
which  means  that  the  train  may  proceed  with  caution,  or  else 
the  signalman  may  leave  his  home  signal  at  danger,  and  use  a 
green  flag  (by  day)  or  light  (by  night)  to  allow  a  second  train 
into  the  block. 
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Single  Trad'  BJocl'ing. 

ISTot  only  has  the  simple  telegraph  block  system  been  in  use 
on  lines  of  two  tracks  or  more,  but  also  on  lines  of  single  track. 
The  success  with  Avhich  such  a  system  has  met  seems  to  have  led 
largely  to  its  adoption  on  single  track  roads.  A  system  of  signal- 
ing that  will  give  full  protection  to  trains  as  well  as  quick  hand- 
ling on  lines  of  two,  three  or  four  tracks  \vill  give  the  same  re- 
sults on  single  track  lines.  This  system  has  proved  a  success  even 
when  stations  are  twontv  miles  apart,  provided  there  is  not  too 
great  a  frequency   of  trains.       With  trains  running  every   hour 
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and  stations  not  exceedino-  thirty  miles  apart,  this  system  lias  been 
used  advantageously,  the  station  agents  under  the  direction  of  the 
train  despatcher,  performing  the  duties  of  signalmen.  The  train 
despateher  arranges  the  spacmg  and  crossing  of  trains.  Orders 
are  received  by  the  station  agents  who  must  operate  their  sigmals 
accordingly.  A  train  having  reached  a  certain  station,  has  sema- 
phore set  at  "clear,"  so  that  it  may  proceed.  This  does  not  in- 
dicate that  the  block  ahead  is  clear,  but  merely  that  so  far  as  is 
knoA\'n  by  the  agent  at  that  station,  it  mav  proceed.  But  the 
engineman  having  received  duplicate  orders  from  the  train 
despateher  can  proceed  to  the  next  station  or  side  track  where  they 
meet  and  cross  an  opposite  train  to  which  similar  orders  have  been 
given. 

The  signalman  at  each  block  station  is  required  to  keep  his 
block  signals  set  normally  at  "  danger,"  except  during  hours  when 
his  particular  signals  are  authorized  to  be  closed.  The  closing  of 
signals  is  only  done  when  there  is  a  scarcity  of  trains.  Blocks  are 
thus  made  larger,  so  that  thi'ough  freights  and  passenger  trains 
may  be  allowed  to  pass  stations  without  slackening  speed. 

Forms  of  Sif/nals. 

There  are  different  forms  of  signals  in  use  in  single  track 
blocking,  some  roads  having  designed  special  semaphores.  Those 
described  in  the  double  track  blocking  are  the  commonest.  Three 
phase  semaphores  with  the  horizontal  and  two  inclined  positions 
of  the  arm,  one  being  above  the  horizontal  are  in  use.  The  latter 
position  is  used  when  it  is  desired  to  do  permissive  blocking  (onlv 
done  of  course  with  trains  running  in  the  same  direction).  The 
latter  then  is  a  cautionary  signal  and  means  proceed  with  caution. 
The  ann  is  inclined  at  60°  to  the  horizontal  in  both  the  caution 
and  clear  positions. 

Position  of  Sif/nals. 

Eacli  set  of  signals  (home  and  distant)  is  placed  to  the  right 
of  the  track  so  trains  will  always  find  governing  signals  to  the 
right.  The  anus  are  swung  to  the  right.  Distant  sigiials  are 
placed  from  SCO  to  ^..'iOO  feet  from  home,  according  as  the  grades 
and  curves  run  in  the  vicinitv  of  the  block  station.     The  home 
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signals  are  often  placed  on  the  block  station  itself,  having  onl^ 
one  home  for  both  directions  and  operated  from  inside.  The 
distant  signals  are  operated  solely  by  hand  power,  having  pipe 
and  wire  connections  from  a  lever  to  the  signal  post. 

The  Controlled  Manual  Blockiiuj. 

The  controlled  manual  blocking  used  in  American  practice, 
is  almost  identical  with  English  manual  blocking.  It  is  so  callecl 
because  the  operations  of  a  signabnau  at  one  end  of  a  block  are 
contingent  upon  those  of  the  signalman  at  the  other  end.  This 
is  made  ])ossible  by  the  use  of  electrical  apparatus  invented  by 
"  Sykes,"  an  English  engineer.  Briefly,  the  apparatus  consists  of 
a  series  of  electro  magnets  so  connected  with  the  levers  operating 
the  signals  at  one  end  of  the  block  (call  it  A),  that  the  levers 
operating  signals  at  the  other  end  of  the  block  (call  it  B)  control 
those  at  A.  In  order  that  a  train  may  be  admitted  into  a  block 
A-B,  the  permission  of  both  A  and  B  is  required.  For  example, 
when  A  sends  a  train  to  B  he  at  once  places  his  signal  at  danger, 
and  it  is  impossible  for  him  (A)  to  release  that  signal  until  B 
unlocks  it,  and  B  cannot  do  that  until  train  has  cleared  the  sec- 
tion. In  case  B  should,  by  mistake,  try  to  unlock  A's  lever 
before  train  had  cleared  the  section,  an  automatic  arrangement 
is  provided  so  that  A  after  having  admitted  train  and  ]ilaced  his 
signal  at  stop,  cannot  unlock  his  signal  to  "clear"  until  train  itself 
lias  actually  passed  out  of  the  section.  This  is  done  by  running 
an  electric  circuit  controlling  A's  lever,  through  two  or  throe 
rail  lengths  of  track  just  beyond  B.  The  current  goes  from  the 
battery  to  one  rail  of  the  insulated  section  of  track,  thence  by  wire 
to  A's  signal,  which  it  holds  ''locked"  at  "sto])"  by  energizing 
an  electro-magnet.  W  lien  train  passes  over  the  insulated  rails  most 
of  the  cuiTcnt  passes  through  the  wheels  and  axles  ft"om  one  rail 
to  the  other,  and  thonco  back  to  the  battery  without  going  to 
the  electro-magnet  at  A.  'J'lus  demagnetizes  that  instrument 
so  that  signal  may  be  cleared  for  next  train. 

The  automatic  arrangement  becomes  useless  if  permissive 
blocking  is  done.     There  being  two  trains  iii  the  section,  the  first 
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one  will  release  A's  lever  while  there  is  a  second  train  in  the  sec- 
tion, thus  allowing  a  careless  operator  to  clear  his  signals  for  a 
third    train. 

The  form  and  color  of  signals  are  similar  to  those  used  in 
tclcgTaph  blocking. 

A  full  technical  description  of  the  controlled  manual  a])par- 
atus  may  be  found  in  the  Railroad  Gazette  of  August  24,  1000. 

Automaiic  Block  SignaJiiu/. 

The  manual  system  of  block  signaling  is  the  most  expensive  of 
all,  owing  to  the  cost  of  operating.  In  America  where  the  mileage 
of  railroads  far  exceeds  that  of  English,  it  is  not  surprising  to  find 
it  adopted  by  coiuparatively  few  of  the  roads  that  favor  the  block 
system.  It  is  only  in  use  over  small  sections  of  line  ninning 
through  a  populated  country  between  important  towns.  The  man- 
ual system  here  referred  to  is  that  where  the  blocks  are  made 
short,  and  stations  for  sole  object  of  signaling  are  built  at  the  be- 
ginning of  each  block.  The  employment  of  an  attendant  night 
and  day  at  everv  station  is  an  expense  which  few  American  roads 
could  bear,  and  the  first  expense  in  establishing  these  stations 
for  the  sole  puipose  of  signaling  would  sink  many  roads  into 
ruin.  Even  the  lines  that  have  adopted  the  manual  system,  owing 
to  the  enormous  expense  have  been  deteiTed  from  placing  the 
block  signals  as  near  together  as  they  ought  to  be  for  convenient 
working.  In  consequence  of  the  excessive  lengths  of  the  blocks 
ihey  have  introduced  the  permissive  system,  virtually  suspending 
for  the  time  the  safeguards  of  the  block  system.  This  seems  to  be 
equivalent  to  throwing  away  a  portion  of  the  money  spent  for 
tlie  erection  and  maintenance  of  plant. 

As  the  result  of  the  enormous  expense  attached  to  the  manual 
operation  of  block  signals,  various  automatic  devices  have  been 
invented  to  eliminate  the  employment  of  human  attendants. 
These  depend  upon  the  aid  of  electricity  and  compressed  air,  al- 
though elaborated  systems  have  been  devised  from  which  elec- 
tricity was  eliminated  ;lltogether.  American  signaling  authori- 
iies  claim  that  automatic  devices  to  replace  the  manual  operation 
of  sigTials,  afford  the  most  perfect  and  economical  means  of  spac- 
ing and  handling  trains.     The  automatic  system  is  the  outcome 
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of  necessity  arising  from  a  great  mileage  with 
increasing  traffic,  with  a  financial  inabilit}'  to 
employ  human  attendants. 

The  earlier  forms  of  automatic  signals 
depended,  for  communication  between  blocks, 
upon  wires  strung  on  poles.  Electrical  ap- 
paratus was  used  to  hold  a  signal  at  the 
beginning  of  a  block  at  "  danger  "  until  train 
had  cleared  that  block.  Owing  to  fact  that 
a  train  might  break  in  two,  leaving  one  por- 
tion of  it  in  a  section  while  the  other  had 
cleared,  the  track  circuit  system  was  adopted. 

Track  Circuit  System. 

In  this  system  the  current  is  conducted 
b}^  the  rails  of  the  track  and  so  long  as  that 
current  remains  uninterrupted  the  signal 
is  held  at  safety  b}^  an  electro-magnet.  A 
train  entering  the  section  makes  a  metallic 
connection  between  right  and  left  rails.  The 
current  being  interrupted  causes  signal  to 
change  from  safety  to  danger. 

Signals. 

Figure  3  represents  a  form  of  disc  signal 
used  commonly  in  automatic  signaling.  It  is 
mounted  upon  a  hollow  iron  post  about  six- 
teen feet  high.  It  consists  of  a  disc  or  target 
D,  which  is  fixed  to  a  vertical  spindle  on  the 
top  of  w^hich  the  lantern  stands.  The  latter 
has  red  and  wdiite  (or  green  if  white  is  not 
used  for  safety)  lenses  on  opposite  sides. 
The  spindle  is  connected  with  clockwork  (in 
box  B)  operated  by  a  weight  which  hangs 
down  the  centre  of  the  post.  The  weight 
has  to  be  wound  up  at  regular  intervals. 
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The  disc  D  is  painted  red  on  both  sides,  and  Avhen  set  witii 
its  face  towards  the  engineman  means  "stop,"  when  turned  with 
its  edge  towards  the  train  means  all  clear.  Sometimes  a  second 
disc  fixed  to  the  spindle  and  at  right  angles  to  the  red  disc  is  used. 
This  is  painted  white  (or  green  if  white  is  not  used)  on  both  sides 
and  indicates  "all  clear." 

The  clockwork  is  governed  bv  an  electro-magnet.  As  the 
cuiTent  ceases  the  clockwork  is  allowed  to  move  until  the  spindle 
has  been  turned  through  a  quarter  of  a  revolution.  In  case 
the  clockwork  should  be  run  down  completely  and  by  chance 
leave  the  signal  at  "all  clear,"  the  current  is  made  to  pass  through 
a  pair  of  springs  which  are  held  together  when  the  weight  is 
wound  up,  but  which  are  separated  when  the  weight  has  nearly 
reached  the  bottom;  so  that  just  before  the  clockwork  is  run 
completely  down  the  cuiTent  is  opened  and  signal  left  standing 
at  "stop." 

Positions  of  Signals. 

Home  signals  are  usually  placed  directly  at  the  beginning  of 
the  block  they  protect,  and  to  the  right  of  the  track  they  govern 
if  it  is  the  rule  for  trains  t-o  run  on  the  right  hand  track.  In 
order  that  the  enginemen  may  know  that  signals  are  working  pro- 
perly, a  block  signal  standing  at  "all  clear"  is  made  to  change 
to  "danger"  when  the  train  is  within  200  feet  of  the  block.  The 
objection  sometimes  raised  to  this,  is  that  a  misplaced  switch  might 
cause  the  si^al  to  move  to  danger  just  as  the  train  was  entering  the 
section,  and  the  engineer  would  naturally  suppose  that  his  train 
was  the  cause  of  it.  On  the  other  hand,  where  signal  changes 
to  "danger"  after  train  has  entered  section,  there  is  no  check  upon 
the  working  of  the  signals.  To  station  brakemen,  on  the  rear 
end  of  trains,  to  obser\'-e  the  working  of  signals  is  attended  with 
too  much  difficulty  to  be  practicable.  But  in  any  case  where 
automatic  signals  are  used,  there  should  be  no  doubt  as  to  their 
efficiency,  as  experience  has  proven  that  care  and  close  inspection 
of  apparatus  warrant  the  assumption  that  dangerous  failures — 
the  greatest  of  which  is  failure  to  go  to  "stop"  when  train  enters 
a  section — will  not  occur. 
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Arrangements  of  Signals. 
Figure  4  represents  an  arrangement  of  automatic  disc  sig- 
nals. In  this  system  the  signal  stands  ''normally"  at  danger 
until  a  train  enters  the  block  in  the  rear,  and  then  if  everything 
is  clear  in  the  block,  it  assumes  the  clear  position,  which  it  re- 
tains until  the  first  pair  of  wheels  passes  the  block  insulation  shown 
-[]-  when  it  assumes  the  ''danger"  position.  Train  A  having 
passed  D,  H,  and  Do  holds  them  at  danger,  but  since  the  clearing- 
section  of  H2  has  been  entered  the  signal  IL   stands  at  safety. 
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Train  B  has  entered  the  clearing  section  of  D5  and  II5,  but  a 
broken  rail  shown  -(  )-  in  advance  holds  them  at  danger,  for  which 
reason  train  B  will  stop  upon  reaching  H5  and  then  proceed  with 
care  until  it  reaches  De  and  He,  which  are  in  the  clear  position. 
D7  and  H7  naturally  stand  at  danger,  since  no  train  has  entered 
the  clearing  section   in  their  rear. 

Overlaps. 

Instead  of  pi'oviding  distant  signal?  the  overlap  is  employed. 
By  an  overlap  is  meant  one  block  section  overlapping  another. 
The  overlap  is  about  2,000  feet  long  and  is  only  used  when  the 
''normal  danger"  arrangement  of  signals  is  employed. 
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Figure  5  represents  an  arrj^ngement  of  signals  where  there 
are  no  distant  signals,  the  overlap  being  used  instead.  A  signal 
occupies  the  danger  position  until  a  train  enters  the  bhick  in  its 
rear,  and  then  if  everything  is  safe  on  the  block  and  overlap  in 
advance  it  assumes  the  clear  position,  which  it  retains  until  the 
first  pair  of  wheels  passes  the  block  insulation  shown  -[]-  near 
the  foot  of  the  signal  post,  when  it  resumes  the  danger  position 
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and  holds  it  under  all  circumstances  until  the  last  pair  of  wheels 
has  passed  the  overlap  insulation,  shown  -ij-  beyond  the  next 
signal  in  advance.  The  signal  may  then  be  cleared  by  an  ap- 
proaching train  as  in  the  first  instance,  but  will  otherwise  remain 
at  danger.  Train  A  having  passed  S,  holds  it  at  danger,  but  as 
it  has  entered  the  clearing  section  of  S2  and  nothing  intervenes 
in  advance,  So  is  found  in  the  clear  position.  Train  B  having 
passed  into  the  block  of  S4  holds  it  as  well  as  S3  whose  block  it 
has  not  entirely  left,  at  danger.  Under  ordinary  circumstances 
S3  should  be  in  the  clear  position,  since  there  is  no  train  in  ad- 
vance of  it,  but  in  this  case  there  is  a  broken  rail,  shown  -(  )- 
which  holds  S5  at  danger.  For  the  same  reason  Sg  is  in  the  clear 
position,  for  in  this  arrangement  of  circuits,  it  is  the  interruption 
of  the  circuit  in  the  block  immediately  in  the  rear  of  the  sigiial 
which  tends  to  clear  that  signal.  This  feature,  which  at  first 
glance  seems  singular,  is  consistent,  since  it  is  the  danger  in  ad- 
vance of  a  signal  which  it  is  supposed  to  indicate.  Train  B  will 
]3ause  upon  reaching  S5  and  after  waiting  a  certain  number  of 
minutes  will  proceed  with  care  through  the  block  section  until  it 
reaches  Su,  when  its  course  will  be  clear. 

^Yire  Circuit  System  of  Automatic  Blocl-  Signals. 

Those  who  favor  the  wire  c^'rcuit  system  claim  that  the  track 
circuit  is  not  so  scientific  as  the  former,  and  that  a  broken  rail, 
although  serious  enough  to  cause  derailment,  does  not  affect  cir- 
cuit sufficiently  to  cause  a  danger  signal.  The  wire  circuit  system 
operating  enclosed  disc  signals  is  perhaps  the  most  efficient  and 
reliable,  owing  to  the  simplicity  of  its  apparatus  and  to  the  fact 
that   the   current  i?   conducted   by   wire. 

Form    of   Sif/nals. 

Figure  6  is  a  cnt  of  the  signal  itself.  It  consists  of  a  hollow 
case  of  metal  or  wood  with  a  white  glass  aperture,  and  painted 
black,  which  forms  a  contrasting  color  to  white  (safety)  or  red 
(danger),  thus  forcibly  attracting  the  attention  of  the  engineer. 
Figure  7  represents  the  interior  of  th(»  case.  Tt  contains  an  electro- 
magnet which,  on  being  energized,  holds  a  red  disc  (made  of  silk 
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stretched  on  an  ahimiiuim.  ring)  up,  which  otherwise  would  fall 
down  owing  to  gravity  and  cover  the  glass  aperture  making  the 
danger  signal.  A  white  reflector  is  shown  through  the  aperture 
when  the  red  disc  is  drawn  u]),  making  the  safety  signal.  The 
position  of  the  lamp  is  shown  in  Fig.  f*.  During  the  day  it  is 
hung  below  the  glass. 


INTERIOR   View  OF   SIGNAL   CASE. 

"SAFETY." 

POSITION   OF  SIGNAL   (BY   ELECTRO-MAGNETISM). 

l)iyil(i)d  S if/iKils. 

The  distant  sigiuds  are  practically  the  same  as  the  home,  only 
the  discs  are  green  instead  of  red.      Tliev  an^  included  in  the  cir- 
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cuit,  and  therefore  act  in  conjunction  with  the  home;  that  is,  a 
green  distant  signal  indicates  that  the  home  will,  or  is  likely  to 
be,  red.  A  white  distant  signal  corresponds  to  a  white  home  sig- 
nal. They  are  placed  about  1,000  feet  in  advance  of  the  home 
signal.  By  a  judicious  arrangement  of  these  distant  or  caution- 
ary signals,  no  home  signal  need  ever  be  made  visible  beyond  a 
few  hundred  feet. 

The  prominent  feature  of  the  enclosed  disc  signal  is  that  the 
moving  parts  are  protected  from  wind  and  rain  and  snow,  and 
therefore  can  be  made  light  enough  to  be  moved  by  an  electro 
magnet  of  moderate  size. 

The  ))rinciple  upon  which  this  signal  is  operated  and  con- 
stinicted  is  that  the  first  wheel  entering  a  block  section  sets  the 
signal  at  danger,  and  at  the  same  time  breal«  an  electric  circuit 
in  such  a  way  that  under  no  possible  contingency  can  the  signal 
again  show  safety  until  the  train  passes  out  of  the  block  section 
and  operates  a  track  instrument  which  restores  the  circuit.  If  a 
wire  breaks  or  is  grounded,  or  two  wires  become  crossed,  the  sig- 
nal falls  to  danger  by  gravity.  The  failure  of  the  battery  or 
derangement  of  parts  always  brings  signal  to  danger.  In  other 
words  the  safety  position  of  the  signal  is  dependent  upon  an  un- 
interrupted circuit  through  the  magnets  of  the  signal  instrument 
in  the  case.  It  is  simply  the  attractive  power  of  electro  magnet- 
ism that  holds  the  signal  at  safety.  The  movement  of  signal  to 
danger  position  is  not  dependent  upon  the  action  of  force  such  m 
the  unfastening  of  a  mechanical  lock  or  opening  of  a  valve,  but 
simply  by  the  action  of  gravity  on  the  intorrnption  of  the  electric 
current  from  a  lack  of  force  to  hold  it  in  the  safety  position.  The 
safety  position  therefore  is  only  assumed  when  all  the  apparatus  is 
in  perfect  order  and  no  train  has  entered  the  section. 

Trade  Instruments. 
Track  instmments  are  used  to  break  and  ninko  tlie  circuit, 
being  operated  bv  the  wheels  of  passing  trains.  Two  are  roquinMl 
for  each  (simple)  block.  The  first,  called  the  "block"  instru- 
ment, is  located  at  the  beginning  of  the  section,  and  is  constructed 
as  to  break  the  circuit  (when  operated  by  train)  so  that  the  home 
and  distant  signals  fall  to  danger  and  caution  respectiveh'.     The 
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second,  called  the  "clear"  instrument,  is  placed  about  2,000  feet 
beyond  the  beginning  of  the  succeeding  section,  so  that  when  the 
first  pair  of  wheels  of  the  longest  train  has  operated  that  instru- 
ment (thus  closing  the  circuit),  the  wdiole  of  the  train  will  be 
out  of  the  first  section. 

"Clear"^  Track  Instrument. 

Figure  8  represents  sectional  view  of  the  clear  track  instru- 
ment for  closing  the  circuit.  L  is  a  lever  or  treadle  operated  by 
a  passing  train.       The  lever  being  depressed  at  track  end,  forces 


the  piston  S  moving  in  an  air  chamber  D,  and  commimicatea 
motion  to  the  key  lever  A  of  the  circuit  closing  apparatus.  The 
upper  and  lower  ends  of  the  air  chamber  are  connected  by  a 
post  X,  so  arranged  that  when  the  piston  is  forced  upwards  a 
portion  of  the  air  above  the  piston  is  forced  out  through  the  open- 
ing Y.  When  the  piston  has  risen  high  enough  to  cover  tho 
opening  Y,  communication  with  the  lower  end  of  the  cylinder 
is  cut  off  and  the  air  remaining  in  the  upper  chamber  forms  a 
cushion,    preventing    the    piston    from    being    thrown    forcibly 
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against  the  top  cap.  Upon  being  actnated  bv  the  lever  L  its 
bevel  top  engages  a  roller  on  the  arm  A,  which  forces  the  spring 
B  to  a  contact  with  its  anvil  C,  tlnis  completing  a  circuit  between 
the  wire  connections  of  1  and  2. 

The  piston  having  been  raised  by  a  passing  train  the  air  above 
it  is  driven  through  the  port  X  and  enters  the  air  chamber  be- 
low the  piston,  thus  forming  a  cushion  preventing  serious  shocks. 
R  is  a  valve  for  regulating  air  pressure,  The  lower  end  of  pis- 
ton rod  moves  in  closed  cliamber  E.  Movable  plates  F  attached 
to  the  levers  keep  this  opening  closed.  H  and  G  are  two  coni- 
]-resser  rubber  springs,  so  that  hand  cars,  velocipedes  or  ajiy 
weight  less  than  an  ordinary  car  wheel  will  not  operate  the  piston. 

The  track  instnunent  just  described  is  used  to  close  the  cir- 
cuit, being  so  placed  as  to  allow  the  longest  train  to  have  cleared 
a  section  before  the  signal  protecting  that  section  assumes  the 
clear  position.  The  "block"  instrument  is  alike  in  principle  and 
construction  to  the  "clear"  track  instrument,  except  that  in  the 
case  of  the  former,  the  current  is  broken  when  lever  is  actuated 
by  the  wheels  of  a  passing  train. 

Block  Signal  Circuits. 

Figure  9  shows  the  arrangement  of  battery  wires  and  instru- 
ments for  ()]ierating  a  simple  circuit.  D  is  block  instrument 
(heretofore  described),  placed  >  at  the  beginning  of  the  block 
section.  B  is  the  clear  track  instnmient  situated  at  the  other 
end  of  circuit,  or  about  2,000  feet  beyond  the  beginning  of  the 
next  block.  B  is  a  relay  and  X  the  batteiy,  both  of  which  are 
located  anywhere  within  the  block.  Tn  Fig.  0  (^)  the  circuit  is 
closed  and  signal  is  held  at  safety,  tlu^  circuit  being  fr<)ni  batterv 
X  wire  1,  anvil  E,  spring  D,  wnre  2,  electro-magnet  S,  wire  ;^, 
contact  points  p,  p^  of  relay  B,  wire  4,  electro-magnet  r,  wire  5, 
to  battery.  The  first  wheel  of  m  train  entering  a  section  operates 
the  block  track  instrument  breaking  the  circuit  between  spring 
D  and  anvil  E,  demagnetizing  electro-magnets  r  and  s.  Sicnal 
falls  to  danger  and  contact  points  p  and  p^  are  broken.  When 
train  has  completely  cleared  the  block  track  instrunu^nt  D,  con- 
tact between  spring  T)  and  anvil  E  is  restored,  but  as  circuit  is 
still  broken  at  points  p,  p\  the  signal  will  remain  at  danger  until 
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train  operates  clear  track  instrument  B,  which  energizes  electro- 
magnet r,  thus  completing  circuit  from  batterv'  X,  wire  1,  spring 
B,  anvil  C,  wire  6,  electro-magnet  r,  wire  5,  to  batte^s^  This 
closes  contact  points  p,  p^,  but  the  signal  still  remains  at  danger 
until  train  has  wholly  cleared  the  clear  track  instrument,  on  ac- 
count of  the  fact  of  there  being  two  circuits,  one  through  the  clear 
track  instrument  and  relay  magnet  and  another  through  block 
track  instrument,  signal  magnet  and  relay  magnet.  As  the  re- 
sistance of  the  latter  is  much  greater  than  that  of  the  former,  the 
signal  will  remain  at  danger  as  long  as  clear  track  instrunaent 
spring  is  in  contact  with  its  anvil,  which  under  action  of  air 
cushion  previously  referred  to  is  continuous  during  passage  of 
train  at   ordinary  speed. 

Switches  in  Signal  Circuits. 

Any  number  of  switches  may  be  included  in  a  circuit.  A 
misplaced  switch,  that  is  a  switch  set  for  a  siding,  causes  a  break 
in  circuit  by  operating  a  switch  instrument  similar  to  the  track 
instrument.  This  causes  signal  to  fall  to  danger,  and  as  long 
as  the  switch  is  misplaced  the  signal  cannot  be  cleared. 

Single  Track  Blocking  with  Disc  Signals. 

The  use  of  automatic  disc  signals  as  described,  is  calculated 
for  two  tracks  where  trains  run  always  in  the  same  direction  on 
the  same  track.  They  may  be  used  equally  well,  however,  for 
single  track  blocking.  The  block  sections  are  arranged  to  extend 
from  side  track  to  side  track.  The  signals  are  controlled  by 
electric  interlocking  and  they  may  be  arranged  to  automatically 
give  the  right  of  way  to  one  train  or  another  but  not  to  both.  It 
is  impossible,  however,  for  any  mechanical  contrivance  to  chooso 
between  a,  passenger  and  freight,  or  between  an  east  bound  fast 
stock  train  and  a  west  bound  train  of  empty  cars. 

As  automatic  signals  are  confined  usually  to  lines  of  more 
than  one  track  where  traffic  is  heavy,  their  application  to  singh; 
track  lines  w'ill  not  be  discussed,  as  most  single  track  lines  spaca 
their  trains  by  the  time  interval  system,  or  a  system  of  station 
blocking:. 
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Audible  Highway  Crossing  Signals. 
The  track  instruments  described  in  connection  witli  the  wire 
circuit  system  of  automatic  sisals  may  be  used  advantageously 
to  give  audible  warning  to  pedestrians  of  passing  trains  at  road 
crossings.  Figure  10  is  a  plan  of  signal  and  track  instruments 
used  in  connection  with  a  double  track.  The  wire  conducting 
an  electric  current  by  means  of  which  an  approaching  train  sets 
the  bell  ringing  is  run  to  the  tr?ck  instrument,  located  at  any 
desired  distance  from  the  crossing.  The  circuit  is  normally 
open.  A  west  bound  train  in  passing  over  track  instrument  3 
closes  a  circuit  and  energizes  an  electro  magnet  A  in  an  interlock- 
ing instrument  located  together  wnth  the  battery  at  the  crossing. 
This  closes  a  local  circuit  through  spring  D  and  its  anvil  d  and 
starts  the  bell  ringing.  The  instnmient  now  being  locked,  the 
bell  continues  ringing  until  train  shall  have  reached  instrument 
4,  which  closes  a  circuit  energizing  unlocking  magnet  B,  which 
breaks  the  contact  between  spring  D  and  its  anvil  d,  thus  opening 
the  bell  circuit  and  silencing  the  bell. 

By  an  arrangement  of  interlocking  instruments  and  track 
instruments  the  bell  may  be  made  to  ring  by  a  train  approaching 
from  either  direction  on  a  single  track. 

The  Electric  Semaphore. 
The  electric  semaphore  sigTial  to  be  used  in  automatic  block- 
ing, is  the  latest  development.  The  claim  has  been  made  that 
disc  signals  are  less  distinctive  to  the  eye  than  semaphores,  but 
this  is  a  matter  of  dispute.  This  fact  led  to  many  experiments 
with  electrical  apparatus  to  operate  a  semaphore  arm  of  full  size, 
apparently  with  success  although  no  extensive  installations  have 
been  made.  The  prominent  feature  of  this  style  of  signal  is  that 
each  has  its  oavu  independent  motive  force.  An  electric  motor 
of  about  Ve  H.P.  placed  in  a  box  attached  to  the  post  below  the 
arm,  and  supplied  with  cun-ent  from  an  Edison-Lalande  battery 
of  10-16  cells,  winds  a  cable  on  a  drum,  thereby  lifting  a  counter- 
weight (which  holds  the  signal  ann  nonnally  at  <hniger),  giving 
the  arm  the  inclined  or  all  cloav  ]iosition.  AVith  such  a  ])owerful 
force  exerted  by  motor,  and  use  of  a  heavy  counterweight,  diffi- 
culties of  snow  and  sleet  causing  arm  to  stick  is  overcome.     Tlie 
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motor  has  an  antomatic  brake,  consisting  of  a  resistance  coil,  which 
retards  the  revolutions  of  a  soft  iron  circular  disc  fixed  to  the  arm- 
ature shaft. 

The  semaphore  blades  are  same  in  design  as  the  standard; 
ball  bearino's  are  introduced  to  eliminate  friction.  Bells  are 
provided  at  main  line  switches,  which  may  only  be  opened  when 
bells  are  not  ringing;.  A  train  in  a  section  to  the  rear  of  the  one 
in  which  a  switeh  is  located  causes  the  bell  to  rino-.  On  the  other 
hand  when  the  s-witch  is  opened  the  sig'nal  at  entrance  to  the 
block  is  drawn  to  danger.  The  signals  are  operated  bv  track 
circuits. 

Electro-pneumatic  Block  Signals. 
This  style  of  signal  has  been  in  use  since  1885.  They  are 
only  used  on  the  busiest  portions  of  lines,  usually  four  track  roads, 
where  the  sections  are  short.  The  power  is  supplied  by  com- 
pressed air.  which  flows  through  valves  operated  by  an  electric 
current.  Air  compressing  plants  are  established  where  possible 
in  yards,  where  they  seiwe  the  purpose  of  supplying  air  for  electro- 
pneumatic  systems  of  interlocking  switches,  and  air  for  several 
miles  of  blocking  outside  the  yard. 

The  essential  parts  of  the  system  arc: — 

(1)  The  electrical  apparatus,  consisting  of  the  battery,  track 

relay   and   connections,   and  electro-magnet  for  control- 
ling admission  of  air  to  cylinder. 

(2)  The  signal,  which  is  a  full-sized  semaphore. 

(3)  A  cylinder  with  piston  for  moving  signal. 

(4)  An  air  compressor  plant  with  reservoirs  and  cooling  pipes 

to  precipitate  any   excess  of  moisture,   and  a   pipe   to 
convey  air  under  pressure  to  signals. 

The  block  sections  being  very  short  it  is  found  economical 
and  convenient  to  place  two  signals  on  one  post,  one  being  the 
home  signal  of  a  section  and  the  other  the  distant  signal  of  the 
following  section.  The  former  is  placed  at  the  top  and  is  of 
the  standard  form  with  a  square  end.  The  latter  is  placed  below 
and  has  a  fish-tail  end  to  distinguish  it  from  the  home  signal. 
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On  roads  of  more  than  two  tracks  it  is  usual  to  define  the 
blocks  by  signal  bridjo-es  spanning  the  tracks,  each  pair  of  signals 
being  placed  over  the  track  they  goTern, 

This  system  of  automatic  blocking  is  necessarily  very  costly, 
owing  to  the  great  expense  of  operating  compressor  plant,  haying  of 
pipe,  pneumatic  cylindei*s  and  electrical  apparatus,  and  this  has 
consequently  limited  its  use  to  roads  where  one  line  of  ]upe  will 
operate  the  signals  of  several  tracks. 

Manual  versus  Aidoinaiic  Sif/naling. 

The  opinion  as  to  the  relative  efhciency  of  manual  and  auto- 
matic systems  is  divided,  even  in  America.  The  controlled  man- 
ual, about  which  there  is  a  certain  amount  of  automatism  on  ac- 
count of  the  electrical  apparatus  which  makes  the  setting  of  sig- 
nals at  the  beginning  of  a  block  contingent  upon  that  at  the  end, 
is  operated  by  human  attendants  who  are  not  infallible,  and  liable 
to  error,  the  result  of  which  may  be  serious,  or  slight,  or  even  of 
no  consequence.  The  element  of  contingency  between  the  oper- 
ators eliminates  to  a  great  extent  any  errors  made  by  one. 
Methods  are  known  to  expert  operators  of  ''cheat! ng"  the  ma- 
chines, by  which  mistakes  may  be  rectified. 

The  efficiency  of  the  manual  system  depends  to  a  great  ex- 
tent u])on  the  operators  themselves,  some  of  whom  ma\-  show  a 
tendency  to  getting  "out  of  order"  themselves  once  in  a  wliile, 
when  duties  are  light,  or,  in  other  words,  when  the  frequency  of 
trains  is  small,  the  operator  may  fall  asleep,  and  although  no  very 
serious  results  may  happen,  his  neglect  of  duty  may  cause  delav, 
something  which  every  railroad  tries  to  avoid.  Cases  have  been 
known  wdiere  the  operator  would  deliberately  prepare  for  a  nap, 
by  getting  an  unlock  from  the  towenuen  on  each  side  of  him 
so  that  he  could  clear  his  signals;  in  which  case  train  must  stop 
at  tower  in  the  rear  and  procure  a  caution  card  and  then  proceed 
under  full  control  to  the  tower  of  the  "sleeping  beauty.'' 

Such  cases  could  not  properly  be  cited  as  dangers  of  the 
system,  but  merely  defects  w'hich  may  be  remedial  by  the  em- 
ployment of  reliable  operatoi*s.  In  England,  where  the  controlled 
manual  is  practically  the  only  system  in  use,  the  r<>c(trd  of  train 


.SKJNALING.  191 

accidents  due  to  misplaced  signals  is  remarkable,  a  fact  wliicli 
is  attributed  largely,  if  not  altogether,  to  the  reliability  of  the 
operators  themselves.  It  is  claimed  by  English  signal  engineers 
that  in  such  a  country  where  there  is  such  extreme  heaviness  of 
traffic  that  the  manual  is  the  only  system  practicable,  and  this  fact 
along  with  the  highly  satisfactory  results  of  such  a  system  accounts 
for  the  reluctance  on  their  part,  to  adopt  any  sj'stem  entrusted 
entirely  to  mechanical  operation. 

The  disadvantages,  apart  from  expense,  inherent  in  the  man- 
ual system  are  few  and  small.  The  advantages  are  manifold. 
Trains  are  absolutely  spaced  and  enginemen  cannot  "run"  signals 
without  detection.  Pennissive  blocking  is  only  allowed  when 
apparatus  is  seriously  out  of  order,  which  only  happens  when  in- 
spection is  poor.  If  locks  fail  there  is  bell  communication  be- 
tween towers.  If  these  fail  there  is  the  telegraph  in  complete 
installations  to  fall  back  on.  Wrecks,  derailments,  etc.,  are  easily 
reported,  so  that  aid  may  be  quickly  summoned  and  trains  nin- 
ning  on  parallel  tracks  stopped  and  protected.  Any  dangerous 
defects  in  condition  of  trains  may  be  noted  by  towennen  and  re- 
ported  to  those   in   advance. 

Automatic  signals  have  reached  such  a  stage  of  perfection 
that  their  reliability  can  no  longer  be  questioned.  A  million 
operations  of  a  signal  with  only  one  false  clear  indication,  ought 
to  be  sufficient  to  dispel  doubt  as  to  their  reliability.  The  effi- 
ciency of  their  working  depends  almost  entirely  upon  the  inspec- 
tion of  the  apparatus.  The  main  defect  of  the  automatic  sig- 
nals is  that  the  protection  of  switches  is  incomplete.  The  switches 
are  included  in  the  circuit  and  have  a  bell  or  indicator  attach- 
ment by  which  the  position  of  the  signal  at  the  beginning  of  the 
block  is  known  to  the  trainmen  at  the  switch.  It  is  possible 
that  trainmen  mav  not  obsen^'e  the  indicator,  or  that  the  bell 
may  fail  to  ring  by  poor  adjustment,  or  by  getting  broken  by 
mischievous  trespassers,  so  that  train  using  the  switch  hag  no  warn- 
ing of  another  train,  which  may  have  already  passed  the  protecting 
signal  and  entered  the  section. 

It  is  sometimes  stated  that  enginemen  disregard  automatic 
signals,  there  being  no  one  to  '•eport  them.     As  a  matter  of  fa3t 
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this  is  seldom  done.  A  saue  engineman  is  not  goino-  to  plunge 
recklessly  into  danger  when  by  waiting  a  specified  time  at  a  bio  3k 
signal  set  at  danger,  he  may  then  proceed  with  caution  tlirougli 
the  block  to  the  next,  where  he  is  likeh'  to  find  the  line  clear. 

The  advantages  of  the  automatic  system  are  perhaps  not  as 
numerous  as  those  of  the  manual;  a  train  broken  in  two  is  fully 
protected;  broken  rails,  if  rail  circuit  is  used,  usually  cause  sig- 
nal to  go  to  danger.  The  former  system  has  decidedly  a  great 
advantage  over  the  latter  in  point  of  cost,  and  in  tliis  respect  it 
is  the  most  suitable  for  roads  with  great  mileage  and  heavy  traffic 
running  through  open  countiy.  The  maintenance  of  both  is 
about  the  same,  but  the  cost  of  operation  is  a  factor  which  does 
not  occur  in  the  automatic,  but  which  is  constant  in  the  manual 
system.  For  this  reason  blocks  are  often  too  long  to  give  prompt 
handling  of  the  traffic.  With  the  automatic  system  the  blocks 
may  be  made  as  short  as  required  without  inaterially  increasing 
cost  of  maintenance,  the  first  cost  of  installation  being  practically 
the  only  expense  to  be  taken  into  consideration. 

The  paramount  objection  raised  by  English  railroad  men 
against  automatic  signals  of  all  kinds,  is  not  that  they  are  unsafe, 
not  that  they  are  costly  or  troublesome  in  care  and  maintenance, 
but  rather  that  the  exigencies  of  heavy  traffic  prove  too  much  for 
them  thereby  causing  delay. 

The  question  of  the  relative  merits  of  the  two  systems  re- 
solves itself  into  a  straight  (juestion;  which  one  will  operate 
100,000  or  1,000,000  times  with  the  least  number  of  unneces- 
sary stoppages  of  trains.  The  Railroad  Gazette  of  January  24, 
1890,  says,  referring  to  the  use  of  a  form  of  automatic  signal  on 
a  line  of  heavy  traffic:  "Going  since  May  30,  1888,  and  being  used 
as  a  positive  block  signal,  it  has  never  got  out  of  order,  caused 
an  unnecessary  stop,  or  shown  safety  when  danger  existed,  thu-; 
making  a  remarkable  mechanical  record." 

Oilier  Si/sicms  of  Sifjnalinf/. 

There  are  other  schemes  by  which  trains  are  kept  spaced. 
These  are  of  less  importance,  being  used  on  roads  of  light  traffic 
where  demands  for  which  handling  of  trains  arc  not  sufficient  to 
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warrant  the  expense  attached  to  installing-  complete  signal  sys- 
tems. Many  roads  of  light  traffic  still  use  the  "time  interval'' 
as  a  means  of  keeping  their  trains  s|laced.  But  the  protection 
oi  a  train  that  has  unexpectedly  come  to  a  stop  by  the  ordinary 
method  of  sending  a  man  back  with  a  visible  or  audible  signal, 
is  unsafe,  except  when  carried  out  by  men  of  best  judgment.  Both 
the  flagman  who  is  to  give  the  signal  and  trainmen  of  the  fol- 
lowing train  must  never  fail  to  piactise  the  most  extreme  cau- 
tion; and  as  safety  is  always  contingent  u]:)on  the  flagmen  having 
sufficient  time  to  get  back  to  warn  following  train,  another  element 
of  danger  is  introduced.  The  great  deficiencies  of  this  system 
are  all  well  understood  by  railroad  men.  Much  of  the  loss  of 
life,  and  collisions,  are  due  to  ineffective  flagging  caused  by  sheer 
neglect  of  trainmen  to  whose  judgment  is  entrusted  practically 
the  running  of  the  trains.  But  while  admitting  that  the  time 
interval  system  is  an  unsatisfactory  protection  for  trains,  many 
roads  in  this  country  have  had  to  deny  themselves  the  advan- 
tages of  the  block  system  on  account  of  the  cost  attached  to  it. 

The   Train   Staff  or  Tablet  System. 

A  modified  form  of  the  block  s^^stem  is  found  in  the  train 
staff  or  tablet  system.  These  are  exactly  the  same  in  principle, 
the  apparatus  being  somewhat  different.  It  is  an  old  English 
idea,  the  track  being  divided  into  blocks  or  sections,  and  before 
a  train  can  pass  over  a  block  it  must  have  in  its  possession  a  me- 
tallic tablet  or  train  staff. 

The  apparatus  of  the  staff'  system  consists  of  a  receptacle 
for  holding  a  number  of  metallic  staffs,  one  of  which  is  given  to 
i^ach  engineman  to  authorize  him  to  proceed  over  a  specified 
length  of  track.  There  is  a  receptacle  or  "pillaa*,"  as  it  is  called, 
at  each  end  of  the  block  section,  and  these  two  are  electrically 
connected  or  interlocked,  so  that  two  staffs  cannot  be  out  at  the 
?ame  time.  Such  a  system  is  only  used  on  single  track  over  short 
sections. 

The  sections  are  laid  out  varying  from  4  to  20  miles  in 
length,  according  to  the  distance  between  towns  on  the  line,  a 
tablet  station  being  established  at  each. 


194  SIGNALING. 

The  electric  tablet  instrument  containing  tlie  tablets,  is 
placed  at  each  station  which  defines  the  blocks.  Before  a  tablet 
can  be  obtained  from  the  instrument  at  either  eml  of  a  section, 
the  consent  of  the  operators  at  each  end  of  the  section  must  be 
given,  and  only  one  tablet  can  be  taken  out  of  the  two  instru- 
ments of  a  section  at  a  time,  so  that  trains  travelling  in  opposite 
directions  are  fully  protected. 

The  tablet  is  placed  in  a  leather  pouch  before  being  handed 
to  the  train  driver,  who,  in  turn,  delivers  the  tablet  for  section 
just  travelled.  This  necessitates  trains  to  come  almost  to  a  dead 
stop  before  exchanges  can  be  made.  Apparatus  was  invented  by 
which  a  train  ninning  40  miles  an  hour  coukl  catch  up  and  de- 
liver tablets,  thus  allowing  througli  trains  to  proceed  without 
a  stop. 

The  tablet  system  is  sometimes  used  with  the  block  system 
where  it  is  desired  to  suspend  the  latter  temporarily  and  do  per- 
missive blocking.  In  order  to  pass  a  block  signal  set  at  danger, 
it  is  necessary  for  the  engincman  to  procure  a  permissive  tablet, 
which  gives  him  running  power  over  the  section  protected  by  the 
suspended  block  signal. 

In-tcrlwlilng  at  Grade  Crossings. 

A  word  or  two  might  be  said  upon  the  protection  of  grade 
rrossings.  Tt  is  done  by  a  system  of  signals  and  derailing  switches. 
Experience  has  taught  the  best  location  for  the  sianals.  the  num- 
ber, and  safeguards  necessaiy  in  case  a  train  should  pass  the  dan- 
ger signal. 

rigure  11  shows  plan  of  simple  grade  crossings.  Figure  11 
(a)  represents  a  single  track  diamond  crossing.  The  distant  signals 
shown  with  fish-tail  ends  are  placed  1,200  feet  from  the  home 
signals,  and  in  each  case  to  the  right  hand  of  the  track.  In  case 
a  train  shoidd  i^ass  a  home  signal  set  at  danger,  tlie  last  precau- 
tion taken  is  a  derail  placed  50  feet  from  the  home  signal  and 
about  oOO  feet  from  the  centre  of  the  diamond. 

The  signals  and  derails  are  operated  entirely  from  a  signal 
toAver,  there  being  pipe  and  wire  connections  between  each  and 
levers  in  the  tower.     It  is  common  practice  to  have  tlie  distant 
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signals  lock  their  home  signals  in  the  clear  position.  One  lever 
operates  a  pair  of  derails  on  each  track.  The  signal  levers  are 
so  interlocked  that  only  one  track  can  have  its  signals  cleared 
at  a  time. 

The  installations  for  double  tracks  are  obvionsly  as  simple 
as  those  for  single  track;  in  the  latter  case  trains  being  supposed 
to  run  always  in  the  same  direction  on  same  track. 

Although  the  high  cost  of  installation  and  operation  has  de- 
terred lines  from  installing  these  plants,  it  has  been  found  that 
the  time  saved  would  often  warrant  the  expenditure  even  on  lines 
of  light  traffic.  In  cities  where  all  sorts  of  crossing's  are  en- 
countered, such  plants  are  an  absolute  necessity,  at  any  cost. 
AVTiere  track  crossings  and  junctions  become  complicated,  manual 
power  for  working  the  levers  is  dispensed  with  in  the  most  recent 
installations.  The  use  of  electricity  in  combination  with  com- 
pressed air,  affords  the  speediest  and  most  reliable  means  for  hand- 
ling of  trains. 

Yard  Signaling. 

Before  concluding  these  remarks  reference  might  be  made 
to  signaling  in  yards.  This  is  a  subject  in  itself,  being  one  in 
which  difficult  problems  arise,  as  in  the  case  of  great  complications 
of  tracks,  where  one  road  crosses  another  in  the  vicinity  of  large 
yards,  or  makes  junctions  or  borrows  track.  Such  problems  are 
left  for  solution  to  the  signal  engineer  who  devises  schemes  for 
a  systematic  operation  of  switches  and  signals,  the  former  afford- 
ing a  means  of  transit  from  one  track  to  another,  the  latter  pro- 
tecting trains  while  perfonning  this  operation. 

The  mechanical  side  of  yard  signaling,  involving  as  it  does 
interlocking,  is  too  great  to  admit  of  discussion  here,  so  only  a  few 
general  principles  will   be  referred  to. 

As  the  main  lines  for  incoming  or  outgoing  trains  are  often 
run  through  the  yards  themselves,  it  is  of  the  greatest  importance 
that  signals  governing  them  (main  lines)  should  be  absolutely 
placed.  The  most  common  way  of  placing  them  is  on  a  light 
bridge  or  su]ierstructure,  placing  signal  directly  over  the  track 
it  governs.     "Where  the  block  svstem  is  in  use  the  sections  are 
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short,  from  one-third  to  one-half  mile  in  length ;  signal  cabins  are 
placed  at  the  beginning  and  end  of  each,  where  they  serve  also 
the  purpose  of  interlocking  cabins  for  main  line  switches.  Each 
of  the  cabins  has  electrical  communication  between  one  another, 
and  sometimes  between  the  train  starter.  As  trains  nm  slowly 
through  yards  "pennissible  blocking"  is  allowed  in  most  cases, 
there  being  practically  no  danger  caused  by  it. 

Signals. 

The  signals  are  of  the  semaphore  type,  distant  signals  being- 
unnecessary  on  account  of  slow  speed  of  trains.  They  are  com- 
monly worked  by  levers  in  towers,  having  pipe  and  wire  connec- 
tions. The  most  perfect  installations  are  now  operated  by  the 
electro-pneumatic  system,  which,  of  course,  is  far  superior  to  hand 
power  levers.  It  is  only  in  cases  of  great  complication  of  tracks 
and  switches  that  these  installations  are  made.  The  great  ad- 
vantage of  the  electro-pneumatic  system  is  that  signals  may  be 
operated  at  greater  distances,  and  one  man  can  do  the  work  of 
many  in  the  interlocking  towers. 

Automatic  block  signaling  ma3^  be  done  advantageously  in 
yards,  preferably  by  the  use  of  compressed  air  and  electricity.  One 
air  compressing  plant  will  suffice  for  the  operation  of  signals  of 
the  largest  yard.  Figure  12  is  a  cut  of  a  yard  whose  signals  are 
operated  by  electro-pneumatic  block  signals,  which  stand  nomin- 
ally at  danger.  The  signal  bridge  in  the  front  of  the  picture 
marks  the  beginning  of  a  section,  the  two  blocks  being  visibly 
defined  by  the  two  signal  bridges  in  the  distance.  Interlocking 
cabins  provided  with  electro-pneimiatic  levers  operate  the  switch 
signals  and  switches.  At  important  road  crossings  small  cabins 
are  built  for  signal  men,  whose  business  it  is  to  operate  the  gates 
and  give  flag  warnings. 
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OBITUARY    NOTICE. 


During  the  present  tenn  the  gi'im  reaper,  Death,  has 
removed  one  of  our  undergraduate  members,  William  Ed- 
ward Costin,  who  died  January  16th,  1902.  For  several 
months  he  suffered  from  a  sarcomatous  growth  which  finally 
baflBied  the  best  medical  skill  that  could  be  procured. 

He  was  the  only  son  of  W.  I.  Costin,  M.D.,  and  was  a 
native  of  Oxford  county.  After  attaining  senior  leaving 
standing  at  Woodstock  Collegiate  Institute,  he  taught  for 
about  three  years,  and  then  entered  S.  P.  S.  in  a  course  of 
Civil  Engineering  with  the  present  graduating  class,  obtain- 
ing honor  standing  in  his  first  and  second  years. 

On  account  of  his  many  winning  qualities  he  made  many 
warm  friends  among  the  students,  who  feel  that  they  have 
lost  a  true  and  noble-hearted  schoolfellow. 


We  regret  to  have  to  record  the  death  of  another  of  our 
undergraduate  members,  John  A.  Nelson,  a  student  in  the 
Mechanical  and  Electrical  Department  of  the  first  year.  He 
was  the  youngest  son  of  Mr.  J.  C.  Nelson  of  St.  Catharines, 
and  was  a  general  favorite  among  those  who  made  his  ac- 
quaintance during  his  short  term  here. 

He  was  taken  ill  on  Wednesda}',  January  1st,  1902,  with 
appendicitis,  and,  after  a  week  of  intense  suffering,  died  at 
the  home  of  his  parents. 
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PRESIDENT'S  ADDRESS. 

Gentlemen  :  As  this  is  the  first  occasion  on  which  it  has  been 
my  jDleasure  to  meet  the  Engineering  Society  since  you  did  me  the 
honour  of  electing  me  President  of  this  honourable  body,  I  welcome 
the  opportunity  of  thanking  you  for  the  confidence  you  have  placed 
in  me.  The  Engineering  Society  has  been  presided  over  by  men 
who  have  achieved  the  highest  success  in  the  engineering  world. 
Our  Society  represents  a  School  of  Engineering  which  is  second  to 
none  in  Canada.  These  things  impress  upon  me  the  weight  of 
responsibility  I  have  assumed  in  accepting  this  office.  But  I  am 
reassured  when  I  consider  the  strong,  energetic  committee  with 
which  you  have  surrounded  me;  and  with  your  hearty  co-operation, 
we  shall  endeavour  to  continue  that  progress  which  has  so  markedly 
characterized  the  history  of  our  Society. 

I  would  call  your  attention  to  the  great  interest  taken  in  the 
department  of  engineering,  as  evidenced  by  the  increasing  number 
of  students  entering  each  year.  To  the  gentlemen  of  the  first 
year  who  are  about  to  become  members  of  our  Society,  I  would 
extend  a  hearty  welcome.  Enter  at  once  into  the  life  of  the  Society. 
Do  not  wait  till  your  second  or  third  year,  to  feel  that  you  are  a 
part  of  its  workings.  It  is  unnecessary  for  me  to  go  into  a  discus- 
sion of  the  objects  of  the  Society,  or  the  advantages  to  be  gained 
by  contributing  papers.  These  have  been  very  thoroughly  laid 
before  you  in  the  addresses  of  a  number  of  our  former  Presidents. 
It  will  pay  you  to  read  them  up.  Suffice  it  to  say.  that  the  Society 
needs  your  help  and  you  need  the  Society's  help.  To  these  ends 
1  would  ask  you  to  take  an  interest  in  everything  pertaining  to  the 
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Society,  contribute  a  paper  if  you  can,  ask  questions  and  be  ready 
for  a  discussion  after  every  paper  that  is  read. 

The  Engineering  Society  being  representative,  as  it  is,  of  tii«^ 
whole  student  body  of  the  School  of  l^ractical  Science,  I  wish  to 
refer  to  a  few  things  of  general  interest. 

During  the  past  year  there  occurred  an  event  which  will 
remain  a  landmark  in  the  history  of  our  institution.  I  refer  to  the 
banquet  tendered  by  the  graduates  and  undergraduates  of  the  School 
to  our  honoured  Principal,  on  the  twenty-first  anniversary  of  the 
birthday  of  the  School  of  Practical  Science.  The  gathering  was  a 
most  representative  and  enthusiastic  one,  indicating  the  high  esteem 
in  which  our  Principal  is  held. 

At  the  conclusion  of  his  address  on  that  occasion,  Prinei])al  lial- 
braith  made  an  important  announcement.  To  use  his  own  words :  "A 
week  ago  the  Senate  of  the  University  passed  a  statute  which  provides 
that  the  School  of  Practical  Science,  the  teaching  staff,  examiners  and 
students,  together  with  examiners  for  the  degrees  in  applied  science 
and  engineering,  shall  ex-officio  constitute  the  Faculty  of  Applied 
Science  of  the  University  of  Toronto.  By  this  statute  the  powers 
of  the  Senate  with  reference  to  the  degrees,  and  those  of  the  School 
with  reference  to  the  curriculum  and  work  of  instruction,  as  also 
the  statute  respecting  affiliation,  remain  unaltered.  The  result  is 
that  the  University  gains  without  expense  a  fully  equipped  Faculty 
■of  Applied  Science,  and  in  this  respect  puts  itself  on  an  equality  with 
the  other  great  Universities  of  the  continent;  while  on  the  other 
hand,  the  School  gains  public  recognition  of  the  fact  that  its  work 
is  of  equal  rank  and  dignity  with  that  of  the  ancient  faculties  of 
Arts,  Medicine,  and  Law.  This  action  of  the  Senate  forms  a  fitting 
close  to  the  history  of  the  School  in  the  nineteenth  century." 

In  view  of  the  fact  that  we  are  now  a  full  fiedged  faculty,  on 
equal  standing  with  the  faculties  of  Arts,  Medicine,  and  Law,  it 
behooves  us  that  we  enter  more  fully  into  the  student  life  of  our 
great  University. 

In  respect  to  athletics  no  fault  can  be  found.  "  School-Cups'.'* 
has  been  the  war-cry  Avhich  has  cheered  on  to  victory  our  athletic 
champions  on  many  a  hard  fought  field.  There  are,  however,  other 
phases  of  University  life  into  which  we  do  not  enter  with  such  zeal. 
We  might  mention  the  Varsity  paper,  an  excellent  i)ublication,  in 
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which  we  should  manifest  a  greater  interest.  The  Dining  Hall  and 
the  Students'  Union  are  new  departures,  and  should  be  powerful 
agents  in  cementing  the  union  of  the  different  faculties.  In  loyalty 
to  the  School  our  men  have  been  true  to  the  core.  Let  us  now 
extend  our  sympathies,  and  without  lessening  in  the  least  our  love 
for  old  S.P.S.,  let  us  join  with  a.  fervor  characteristic  of  school  men, 
in  sounding  the  fame  of  this  great  University  of  which  we  form  no 
unimportant  part. 

The  upper  years  of  the  School  will  remember  that  last  spring 
an  enthusiastic  delegation  from  this  institution  crossed  over  to  the 
Parliament  Buildings  and  made  representations  to  the  Government 
setting  forth  the  urgent  needs  of  the  School.  They  will  also 
remember  that  later  the  Legislature  decided  to  devote  $200,000 
to  Science,  $50,000  of  which  was  to  be  immediately  available. 
During  the  summer  Professors  Galbraith  and  Wright  visited  many 
of  the  American  L'niversities,  inspecting  the  Applied  Science 
Departments  with  a  view  to  the  best  methods  of  constructing  and 
equipping  the  new  buildings.  Also  J.  W.  Bain,  B.A.Sc,  who  has 
been  in  Europe  the  past  summer,  visited  the  chemical  departments 
of  a  number  of  the  universities  on  the  continent,  with  the  same  end 
in  view.  They  have  submitted  their  report  to  the  Government. 
The  Provincial  architect  is  busy  preparing  plans  to  be  submitted  to 
the  Council  for  their  approval;  and  it  is  probable  that  the  contract 
for  the  construction  of  the  new  building  will  be  let  this  Fall.  The 
site  of  the  new  building  will  be  somewhere  in  the  vacant  plot  owned 
by  the  University  on  College  Street.  It  is  to  be  hoped  that  every 
effort  will  be  put  forth  by  the  Government  in  order  that  the  new 
building  will  be  constructed  as  soon  as  possible.  "We  all  know  that 
already,  owing  to  the  insufficient  accommodation,  small  teaching 
staff  and  poor  experimental  equipment,  that  the  needs  of  the  students 
are  far  from  being  supplied.. 

As  a  result  of  the  energetic  efforts  of  Capt.  Lang  and  Lieu- 
tenant Burnside,  the  Toronto  Engineer  Corps  is  now  a  reality;  and 
a  striking  reality  it  proved  itself  to  be  during  the  recent  visit  of  the 
Poyal  Party.  In  the  Royal  Review  on  Friday,  the  Duke  remarked 
on  the  smart  a]ipearance  of  the  company,  and  during  the  afternoon 
of  the  same  day  while  fonning  a  "  Guard  of  Honor  "  for  the  Royal 
Party  on  their  visit  to  the  L'niversity,  it  again  came  in  for  con- 
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gratulatory  remarks.  The  company  at  present  musters  fifty-eight 
men,  and  nearly  all  are  men  of  tile  School  of  Practical  Science. 
We  shall  hope  that  before  long  their  numbers  may  be  doubled. 
When  the  men  have  all  qualified  in  drill,  the  chief  work  which  is 
the  specialty  of  an  Engineer  Company  will  then  be  proceeded  with. 
This  work  consists  of  field  work,  earthing,  use  of  spar,  bridging, 
etc.  Good  advancement  may  be  expected,  considering  .the  speed 
with  which  the  preliminary  drill  was  mastered.  A  full  supply  of 
engineering  stores  has  been  provided,  including  outfits  for  signalling 
and  telegraphing. 

There  has  been  some  discussion,  perhaps  some  dissatisfaction, 
in  regard  to  the  Library  of  the  School.  The  following  may  prove 
some  enlightenment  on  the  subject.  The  chief  officer  is  the 
Librarian  appointed  by  the  Council,  who  is  made  responsible  for 
the  management  of  the  Library  over  which  he  has  control.  The 
students  elect  by  ballot  at  their  general  elections  two  representatives 
— first  and  second  assistants — who  do  the  actual  work  in  connection 
with  the  Library.  A  catalogue  has  been  printed  and  is  accessible  to 
all  members  of  the  Society.  In  this  catalogue,  opposite  the  names  of 
the  volumes,  are  letters  indicating  the  libraries  of  the  Professors  in 
which  the  volumes  may  be  found.  Where  no  letter  occurs  opposite 
the  volume,  it  will  be-  found  in  the  General  Library  of  the  School. 
The  volumes  in  the  respective  libraries  of  the  Professors  are 
permanently  located  there.  These  books  may  be  procured  subject 
to  the  ordinary  regulations,  by  applying  to  the  Professor.  Each 
Professor  in  this  way  acts  as  an  assistant  librarian. 

We  are  all  glad  to  know  that  the  health  of  our  Lecturer  in 
Applied  Mechanics,  Mr.  Duff,  has  so  far  improved  that  he  is  able 
to  resume  his  duties  in  the  School.  We  all  join  in  welcoming  him 
among  us,  and  trust  that  we  may  have  his  gonial  presence  at  our 
meetings  in  the  coming  year. 

I  might  call  your  atteiiiion  to  tlie  appointment  of  ]\Ir.  ]\Ionds 
to  the  position  of  Demonstrator  in  Mechanical  Engineering,  to  that 
of  Mr.  Chace  to  the  Fellowship  in  Electricity,  to  that  of  Mr.  Craig 
to  tho  Fellowship  in  ]\Icchanical  Engineering,  and  to  that  of  Mr. 
Ardagh  to  the  Fellowship  in  Chemistry. 

In  preparing  this  paper  on  "  Engineering  as  a  Profession,"'  I 
cannot  claim  entire   originality.     My   experience   so   far  has   been 
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limited,  and  if  you  find  some  of  my  ideas  too  far  advanced  for  a 
Fourth- Year  man,  I  can  plead  with  Kipling — 

When  'Omer  banged  his  bloomin'  lyre, 
E'd  'card  men  sing  by  land  and  sea; 
And  what  ^e  thought  'e  might  require, 
^E  went  and  took  the  same  as  we. 

EXGIXEERIXG  AS  A  PROFESSION. 

The  profession  of  engineering  is  an  honoured  and  honourable 
one,  but  its  place  in  the  public  estimation  is  not  j^et  where  its  merits 
and  services  Avould  place  it.  In  Europe  the  standing  and  remuner- 
ation of  the  engineer  are  second  to  those  of  no  other  professional 
man.  England  recognizes  the  services  of  her  engineers  by  honours 
and  emoluments.  The  Engineers  of  the  Forth  Bridge  were  knighted 
in  recognition  of  their  services.  Public  measures  and  acts  of  par- 
liament are  largely  influenced  by  their  advice  and  direction.  Manu- 
facturing and  industrial  operations  are  largely  managed  by  engineers 
instead  of  so-called  practical  men. 

"When  John  Smeaton,  a  little  more  than  a  century  ago,  became 
the  first  man  to  write  Civil  Engineer  after  his  name,  the  title  gave 
no  prestige  to  the  possessor.  The  early  engineers.  Watt,  Stephen- 
son, Smeaton  and  Fulton,  had  to  fight  their  way  through  poverty 
and  discouragements  to  a  recognition  of  their  services. 

Canada  and  the  United  States  are  very  slow  in  the  recognition 
oi  the  valuable  services  of  their  engineers.  Either  country  owes 
more  to  the  engineer  than  to  any  other  class  of  equal  numbers. 
Think  of  the  immense  development  in  any  of  the  different  branches. 
To  follow  out  any  one  of  the  numerous  lines  of  work  in  which  he 
has  been  engaged,  to  trace  the  development  of  the  first  crude 
mechanism,  up  to  the  splendid  triumphs  of  the  present  day  in 
almost  any  department  of  industrj',  would  be  no  idle  task. 

Engineering  is  a  profession  in  which  a  man  can  be  honourable. 
It  is  fascinating  from  the  fact  tliat  one  sees  the  realization  of  his 
mathematical  and  scientific  theories  and  deductions.  Its  objects 
are  useful  in  the  highest  degree.  It  is  healthful  and  ennobling  in 
its  practice.  In  fact  it  is  a  profession  which  may  well  challenge 
the  attention  of  the  young  man  of  earnest  endeavour,  who  is  seeking 
not  only  material  iirosperity,  but  an  honoured  place  among  those 
who  have  well  served  their  day  and  generation. 
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Mr.  Charles  T.  Harvey,  an  eminent  engineer,  in  a  paper  read 
before  onr  Society,  said: — "Engineers  of  the  highest  degree  are 
born  not  made.  Technical  education  is  helpful,  but  not  deter- 
minative of  the  quality  or  strength  of  the  will  power  which  you 
need  to  best  succeed  in  your  profession.  You  have  chosen  a  profes- 
sion which  calls  for  intense  exercise  of  trained  will  power,  as  its 
functions  are  to  re-arrange  the  material  features  of  the  earth  to 
serve  human  purposes  to  a  higher  degree.  The  embankment  of  a 
railway,  the  prism  of  a  canal,  and  the  mechanism  of  a  steam  or  elec- 
trical engine,  are  triumphs  of  educated  will  power  over  matter." 

One  great  factor  very  necessary  in  the  make  up  of  a  successful 
engineer  is  the  power  of  observation.  The  observation  of  a  simple 
fact,  and  the  train  of  thought  induced  therein',  have  led  continually 
to  important  results.  The  ability  to  map  localities  in  the  mind, 
the  faculty  of  noting  the  workings  of  a  piece  of  mechanism,  the 
observation  of  leading  features  of  ])laees  and  things;  all  of  these 
are  of  the  utmost  value  to  the  engineer.  This  power,  combined 
with  a  sound  knowledge  of  natural  and  mechanical  laws,  together 
with  a  sufficient  amount  of  nerve  to  put  the  thing  into  execution, 
are  the  great  requisites  of  an  engineer. 

The  engineer  should  love  his  profession.  The  most  simple 
operations  should  possess  an  attraction  to  him.  The  application  of 
his  theoretical  knowledge,  both  in  mathematics  and  science,  should 
be  beautiful  to  him.  The  man  who  sees  only  the  theoretical  truth 
of  the  fundamental  formulae,  and  has  no  love  for  their  application, 
should  not  adopt  engineering  as  a  profession.  Obstacles  that  spring 
up  along  the  line  should  not  dampen  his  ardour  to  obtain  a  true 
result. 

The  engineer  should  honour  his  profession.  After  becoming  as 
proficient  as  possible  in  the  department  which  he  has  chosen,  honour 
and  honesty  should  characterize  his  policy.  Wlien  the  engineer 
accepts  bribes  from  the  contractor  for  passing  work  which  does  not 
fulfil  the  specifications;  when  he  charges  his  employer  a  fee  for 
first-class  work  when  he  knows  it  is  inferior:  when  he  adopts  the 
practice  of  "making  days"  when  the  "per  diem"  prescribed  by 
law  is  too  small,  he  had  better  blot  the  name  of  his  profession  from 
his  card  and  devote  himself  to  a  trade  in  which  honourable  dealing 
is  not  expected. 
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The  final  success  of  an  engineer  probablj^  depends  upon  more 
qualities  than  are  absolutely  required  in  most  of  the  other  profes- 
sions. His  knowledge  must  be  thoroughly  technical,  while  his 
methods  must  be  perfectly  practical.  The  clergyman  or  law7er  is 
tolerably  sure  of  success,  if  he  is  eloquent  and  respectable.  The 
physician  who  has  an  engaging  manner,  need  not  be  a  great  prac- 
titioner in  order  to  secure  a  good  income.  But  the  engineer,  in 
order  that  he  may  attain  to  success,  must  possess  qualities  which 
would  have  won  much  more  fame  and  fortune  if  they  had  been 
applied  to  some  other  calling. 

A  prominent  engineer  of  the  day  has  put  it  thus :  "The  demand 
to-day  is  for  men  who  can  accomplish  specific  results ;  not  the  ancient 
history  of  the  steam  engine,  but  the  ability  to  construct  the  most 
modern  and  complete  form;  not  the  story  of  how  Franklin  dis- 
covered the  relations  of  lightning  to  the  electric  fluid,  but  the 
iibility  to  design  and  construct  a  dynamo  that  will  run  the  greatest 
number  of  lights  at  the  least  expense;  not  how  the  subject  of 
alchemy  has  developed  into  modern  chemistr)-,  but  how  to  conduct 
industrial  manufactories  with  the  least  possible  waste." 

The  demands  of  engineering  upon  the  man  are  greater  than  in 
most  of  the  professions.  He  must  first  submit  himself  to  a  thorough 
technical  training,  in  order  that  he  may  be  able  to  read  and  observe. 
Having  secured  his  diploma,  he  must  seek  employment  that  he  may 
obtain  experience,  for  the  glimpse  of  the  real  thing  which  he  has 
got  in  his  college  course  is  far  from  fitting  him  for  the  responsi- 
'bilities  of  the  work.  During  the  earlier  part  of  his  career  he  will 
probably  find  that  his  work  is  something  more  than  trying. 

The  worst  feature  of  the  engineer's  life  is  its  uncertainty. 
Especially  is  this  true  of  the  mining  and  civil  branches.  One  mast 
at  all  times  l)e  in  readiness,  at  a  moment's  notice,  to  go  to  any  part 
of  the  country  where  his  work  may  call  him.  Often  he  is  exposed 
to  great  luirdships  in  the  way  of  extremes  of  heat  and  cold,  rain 
and  drouth,  and  sometimes  scanty  fare. 

What  does  the  Faculty  of  Applied  Science  offer  to  a  prospec- 
tive engineer?  It  offers  that  technical  training  which  is  so  neces- 
sary nowadays  in  the  make  up  of  a  successful  engineer.  "  Know- 
ledge is  power  "  is  an  old  adage,  a  back-number.  Power  is  rather 
the  ability  to  apply  knowledge.  Technical  schools  not  only  furnish 
knowledge,  but  train  their  students  in  the  application  of  it.     Just 
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here  I  would  take  the  opportunity  of  referring  the  men  of  the  First 
Year  to  Principal  Galbraith's  address  at  the  Banquet  last  Christ- 
mas. The  subject  was,  "  The  Function  of  the  School  of  Applied 
Science  in  the  Education  of  the  Engineer.'^  The  subject  is  very 
thoroughly  dealt  with,  and  is  especially  adapted  to  us  as  students. 

We  in  our  technical  training  should  aim  at  laying  a  broad 
foundation,  rather  than  at  specializing  along  some  chosen  line- 
Circumstances  in  most  cases  determine  our  specialization  in  after 
life.  In  fact,  it  is  said  by  men  of  authority  that  a  young  man  thor- 
oughly grounded  in  fundamental  principles  and  well  trained  how 
to  apply  them,  has  almost  an  equal  chance  for  success  in  all  branches 
of  engineering.  As  a  proof  of  the  fact  we  only  need  look  up  the 
records  of  our  own  graduates. 

What  does  the  Engineering  Society  offer  to  the  prospective 
engineer?  I  shall  not  enlarge  very  much  on  this,  but  refer  you 
again  to  the  addresses  of  our  former  presidents.  With  regard  to 
papers,  I  would  say,  do  not  wait  to  be  asked,  but  set  to  work  and 
prepare  one  to  be  read  before  the  Society  during  the  coming  year. 
The  mere  act  of  preparing  a  paper  is  a  valuable  discipline  to  the 
writer.  Nothing  serves  so  well  in  systematizing  one's  ideas, 
clearing  up  doubts  and  exposing  deficiencies  on  a  subject^ 
as  the  compiling  of  a  paper.  The  benefits  which  you  receive 
from  the  Society,  will  probably  depend  on  the  amount  of  energy 
you  invest  in  it.  If  you  are 'simply  looking  to  your  own  interests, 
Avithout  regard  to  the  interests  of  others,  probably  neither  will 
profit  much  by  your  presence.  Let  each  member,  without  thought 
of  year  distinctions,  feel  that  his  part  is  necessary  in  order  to  make 
up  the  finished  whole. 

In  conclusion,  what  are  our  professional  prospects?  In  looking 
about  Canada  to-day  one  would  say  that  the  prospects  never  were 
brighter.  Of  course  times  are  good,  and  one  cannot  tell  how  long 
they  will  continue.  Engineering  probably  is  the  first  profession  to 
feel  a  depression,  as  great  works  are  not  usually  undertaken  when 
the  country  is  suffering  from  hard  times. 

However,  the  immense  developments  in  ever}'  kind  of  industry 
have  created  a  great  demand  for  competent  and  trained  engineers. 
Capitalists  are  beginning  to  see  the  necessity  of  entrusting  their 
great  works  in  the  hands  of  trained  men.  Let  us  all  strive  to  come 
up  to  the  standards  required,  and  thereby  render  ourselves  indis- 
pensable as  well  as  honouring  to  our  profession. 
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J.  A.  DeCew,  '96. 


The  coi>t  of  material  is  generally  the  factor  of  prime  import- 
ance in  engineering  construction,  and  the  relative  amount  of  each 
material  used  depends  to  a  large  extent  upon  its  value,  as  well  as 
upon  its  suitability  for  the  purpose  in  hand.  A  structure  which  now 
contains  certain  proportions  of  wood,  steel  and  concrete,  might  have 
contained  these  materials  in  quite  different  proportions  had  their 
respective  values  been  differently  related  at  the  time.  Therefore, 
if  the  cost  of  our  timbers  for  construction  and  other  purposes  keeps 
steadily  on  the  increase  in  the  future  as  it  has  in  the  past,  and  if 
the  price  of  iron,  steel  and  concrete  should  remain  comparatively 
constant,  then  the  tendency  of  the  future  will  be  to  abandon  the 
use  of  wood  as  a  constructive  material,  in  proportion  as  its  increased 
cost  stimulates  the  employment  of  substitutes.  What  the  ultimate 
result  will  be  is  hard  to  predict,  as  there  are  many  variable  influences 
to  be  considered.  One  thing,  however,  is  quite  certain,  and  that  is, 
if  we  continue  our  present  rate  of  consumption,  the  price  of  our 
timber  must  go  on  steadily  increasing  until  its  stumpage  value 
becomes  equivalent  to  the  cost  of  reproduction. 

If  a  species  of  timber  should  become  exhausted  before  the 
equilibrium  between  consumption  and  reproduction  is  established, 
or  if  the  demand  for  it  should  exceed  the  capacity  of  reproduction, 
then  it  is  certain  to  become  quite  expensive  and  will  only  be  employed 
for  those  purposes  to  which  it  is  peculiarly  adapted. 

Tlie  cost  of  our  timbers  in  the  market  may  be  expressed  directly 
in  terms  of  the  cost  of  labour,  supplies,  stumpage  and  the  distance 
between  the  market  and  stump.  Therefore  as  we  are  rapidly 
consuming  the  present  stand,  which  we  might  call  our  capital  stock, 
the  steady  increase  of  the  last  two  factors  is  sufficiently  evident, 
and  with  these  factors  the  price  to  the  consumer  must  also  advance. 
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As  an  example  of  a  timber  which  will  be  commercially  exhausted 
long  before  any  adequate  reproduction  can  take  place,  we  miglit 
select  the  white  pine.  This  is  without  question  our  most  important 
and  highly  prized  timber  product,  on  account  of  its  combination  of 
qualities,  which  adapt  it  to  an  almost  unlimited  number  of  uses.  The 
white  pine  is  at  home  in  commercial  quantities,  over  an  area  of  about 
400,000  square  miles,  over  which  the  original  stand  is  estimated  to 
have  been  about  700,000,000,000  feet,  board  measure.  All  that  re- 
miins  to  us  of  this  inheritance  is  about  110  billion  feet,  of  which  the 
Lake  States  (Michigan,  Wisconsin  and  Minnesota)  possess  6-1  bil- 
lion and  Canada  about  -10  billion.  The  annual  cut  in  the  Lake 
States  is  about  6  billion  feet,  and  in  Canada  from  1^  to  2  billion  feet, 
so  that  our  total  annual  consumption  is  about  7^  to  8  billion  feet. 
If  this  rate  continues  it  is  quite  evident  that  all  of  our  present  stand 
of  pine  will  be  consumed  in  about  15  years.  It  is  interesting  to  note 
in  this  connection  that  while  the  pine  manufacturers  of  Canada 
have  still  from  20  to  25  years  of  stock  in  sight,  the  American  mills 
can  manufacture  all  of  their  remaining  white  pine  in  less  than  10 
years.  Nearly  all  of  the  white  pine  is  so  located  that  the  present 
rate  of  exploitation  can  be  and  probably  will  be  continued  until  75 
per  cent,  of  the  present  supply  is  cut,  when,  of  course,  the  lack  of 
logs  will  lead  to  a  reduction  in  output.  This  curtailed  output  will 
begin  on  the  American  side  in  a  very  few  years,  and  then  the  white 
pine  will  gradually  cease  to  be  the  great  staple  of  our  lumber 
markets.  This  result  is  unavoidable,  for  if  recuperative  measures 
were  immediately  adopted,  it  would  take  100  years  to  grow  a  pine 
tree,  with  an  average  diameter  inside  the  bark  of  15  inches,  and  to 
reproduce  forests  like  those  we  are  now  consuming  would  take  about 
200  years.  i 

It  is  erroneous  to  suppose  that  other  conifers  or  hard  wooils 
may  be  substituted  for  or  easily  adapted  to  the  uses  of  white  pine, 
which  is  shown  by  a  comparison  with  its  most  natural  substitute,  the 
southern  pine.  A  ship)iing  case,  made  of  white  pine,  requires  but 
half  tlie  effort  to  manufacture,  and  .5  to  .()5  the  effort  to  handle  or 
transport,  as  one  made  from  hard  pine,  and  as  for  lath,  the  white 
pine  nails  easier  and  shrinks  less.  For  sash  and  doors  the  only  sat- 
isfactory substitutes  are  cypress  and  white  cedar,  and  these  are  not 
any  too  abundant  themselves.     Althouah  from  the  scarcitv  of  good 
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l)inG  shingles,  we  are  already  using  red  cedar  shingles  from  the 
Pacific  coast,  yet  prices  must  reach  a  high  mark  before  we  can  afford 
to  freight  lumber  such  a  distance. 

It  is  not  only  the  white  pine  of  which  we  might  say,  speaking 
relatively,  that  the  end  is  in  sight,  for  the  same  is  true  of  the  wal- 
nut, yellow  poplar,  ash  and  elm.  As  the  elm  and  ash  are  particularly 
well  adapted  for  the  making  of  barrels,  on  account  of  their  strength 
and  toughness,  the  question  of  paramount  importance  to  all  those 
interested  in  cooperage  stock  is,  what  satisfactory  substitute  can  be 
found  for  these  fast  disappearing  woods  ? 

In  spite  of  the  fact  that  there  has  been  a  great  increase  of  late 
years  in  engineering  construction,  there  has  been  no  increase  what- 
ever in  our  annual  consumption  of  timber.  Xevertheless  since  the 
supply  is  decreasing  faster  than  thedemand,  we  shall  be  forced  in 
the  near  future  to  pay  still  higher  prices  for  those  wooden  materials 
that  we  actually  require.  It  is  just  this  class  of  timber  which  we 
cannot  well  do  without,  that  we  shall  find  in  future  very  hard  to 
obtain.  For  although  it  does  not  take  very  long  to  grow  railway  ties 
or  fence  posts,  we  shall  find  it  a  very  different  matter  to  reproduce 
trees  similar  to  those  from  which  we  obtain  the  wide  clear  lumber  of 
our  markets  to-day. 

Hemlock  may  make  a  fairly  good  substitute  for  pine  in  rough 
construction,  1)ut  not  for  interior  work. 

Perhaps  when  the  Isthmian  Canal  is  completed,  we  shall  be  able 
to  obtain  our  finest  grades  of  lumber  and  shingles  from  the  Pacific 
coast,  but  even  that  rich  source  of  supply  may  in  time  become  ex- 
hausted. The  annual  consumption  of  timbers,  ties,  fence  rails, 
cordwood,  etc.,  in  the  T'nited  States  amounts  to  about  25  billion 
cubic  feet.  Their  total  forest  area  amounts  to  about  500  million 
acres,  and  on  each  acre  it  is  possible  to  grow,  according  to  German 
estimates,  55  cubic  feet  per  annum,  but  of  this  growth  only  about 
35  cubic  feet  is  available  to  the  American  lumborman.  Therefore, 
if  all  their  forest  area  were  well  planted  and  managed,  the  annual 
harvest  would  not  equal  the  annual  consumption.  But  this  possible 
state  of  reju-nductive  efficiency  is  as  yet  but  a  dream  of  the  future, 
and  as  our  present  stand  is  fast  disappearing,  it  is  the  duty  of  every- 
one to  conserve  as  much  as  possible  the  present  supply.     This  can 
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be  accomplished  only  by  scientific  lumbering,  efficient  fire  protec- 
tion, a  more  extended  use  of  wood  preservatives  and  an  increased 
economy,  along  with  the  gradual  substitution  of  other  materials  in 
construction. 

Our  wood  consumption  per  capita,  outside  of  fire-wood,  is  8  to 
10  times  that  of  Germany,  and  18  to  20  times  that  of  Great  Britain, 
for  we  rely  more  upon  wooden  structures  than  they  do  and  are  more 
wasteful  in  construction. 

These  facts  go  to  show  that  we  have  yet  plenty  of  opportunity 
to  restrict  the  demand  in  proportion  as  the  supply  decreases,  and  in 
this  way  avoid  future  scarcity  and  excessive  prices.  However,  not 
the  engineer  alone,  but  the  community  as  a  whole,  has  a  direct 
interest  in  the  perpetuity  and  conservative  use  of  our  forest  re- 
sources, as  well  as  in  the  preservation  of  favourable  forest  condi- 
tions, both  in  behalf  of  the  agricultural  interests  of  the  country 
and  on  account  of  the  resiiltino-  beneficial  climatic  effects. 


FORESTRY    AND    ENGINEERING. 


Thos.  Southworth. 


My  pleasure  at  being  allowed  again  to  read  a  paper  before  your 
Society  is  somewhat  alloyed  by  the  difficulty  in  presenting  matter 
that  will  be  new  or  interesting  to  the  critical  scientific  minds  com- 
prising your  membership. 

Of  course  Mr.  Barrett  intimated  that  I  would  be  expected  to 
address  you  on  forestry,  but  that  is  a  large  subject  and  presents 
too  many  phases  to  be  treated  as  a  whole,  even  hastily,  in  the  time 
at  my  disposal. 

In  view  of  the  number  of  letters  I  have  received  from  various 
sources  giving  me  advice  on  the  subject  of  forestry  in  Ontario,  tlie 
writers  of  which  seem  to  regard  the  subject  from  such  a  different 
standpoint  from  my  own,  it  has  occurred  to  me  that  I  might  be 
permitted  to  define  the  term^  forestry  as  I  understand  it,  speaking 
generally  as  applied  to  this  Province.  Forestry  is  primarily  a 
system  of  farming  with  trees  as  the  principal  crop — I  say  principal 
crop  advisedly — for  they  do  not  constitute  the  only  crop  in  the 
forest. ,  Forestry  is  not  the  mere  preservation  or  protection  of  trees, 
nor  the  planting  of  trees  where  the  country  has  been  too  much 
denuded,  as  it  is  quite  often  intimated 

In  farming  with  trees  as  the  main  crop,  it  is  essential  that  the 
financial  aspect  should  be  had  in  view  just  the  same  as  in  other  lines 
of  farming.  The  farmer  who  raises  wheat  does  so  for  profit,  and 
when  he  harvests  one  crop  he  prepares  for  another.  Just  so  with 
the  forester,  witli  iho  difference,  in  this  country  at  least,  that 
nature  has  started  him  with  a  grown  crop  ready  to  be  harvested, 
and  it  is  business  with  him  so  to  harvest  this  original  crop  as  to 
secure  the  largest  financial  returns  from  it  consistent  with  the 
economical  but  effective  reproduction  of  similar  crops. 

In  Ontario  we  have  to  do  with  two  main  phases  of  foresti*v 
work,  the  one  as  it  applies  to  the  individual  OTSTier  of  woodlands, 
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the  fami  wood  lot,  and  the  other  relating  to  the  larger  problem  of 
the  forest  farm  of  the  whole  people  on  the  Crown  lands. 

Both  are  important,  hoth  affect  the  general  welfare  of  the 
Province. 

The  farmers  of  old  Ontario,  in  clearing  land  to  grow  other  and 
more  valuable  crojDs  than  trees,  have  removed  the  forest  cover  so 
complete]}'  as  to  seriously  affect  adversely  the  fertility  of  the  land 
in  some  sections,  and,  through  the  drying  up  of  our  water  sources, 
increasing  the  evajjoration  of  moisture  from  the  soil,  and  in  other 
ways  to  seriously  alter  climatic  conditions  for  the  worse.  Ai  the 
same  time,  while  the  community  in  general  suffers  to  some  extent 
from  this  cause,  the  chief  sufferer  is  the  individual  farmer  himself, 
I  will  confine  myself  at  present  to  a  consideration  of  the  large' 
and  more  important  problem  of  forestry  on  the  lands  of  the  Crown. 

By  far  the  greater  portion  of  the  Province  of  Ontario  is  still 
tree  covered.  The  land  area  of  the  Province  is  estimated  at  about 
126  million  acres.  Of  this  less  than  25  millions  of  acres  are  suffi- 
ciently settled  to  be  under  some  form  of  municipal  government.  The 
balance,  over  100  millions  of  acres,  may  be  said  to  be  tree  covered. 
Of  this  immense  area  probably  another  40  million  acres  is  well 
suited  for  agricultural  settlement,  the  rest  being  broken  and  chiefly 
valuable  for  mining  and  forest  lands.  The  remaining  60  millions 
of  acres  is  more  or  less  tree  covered  and  is  all  capable  of  growing 
trees.  Mining  development  is  now  being  prosecuted  in  several 
points  in  this  area,  and  there  will  be  many  small  villages  and  towns 
with  the  necessary  agricultural  settlement  around  them,  but  we 
may  safely  assume  that  this  area  will,  or  rather  let  me  say  should, 
remain  permanently  in  forest — a  vast  forest  farm  the  property  of 
the  whole  people.  Of  the  sixty  millions  of  acres  remaining,  the 
greater  part  is  still  covered  with  its  natural  forest  crop  yet  to  be 
harvested;  and  from  this  will  be  seen  the  vastness  of  our  resources  in 
this  line,  and  the  desirability  of  solving  the  question  of  exploitation 
in  the  wisest  way. 

As  I  have  said,  forestry,  or  the  growing  aud  harvesting  of  trees 
for  profit,  is  mainly  a  financial  proposition,  but  there  are  certain 
other  incidental  advantages  derived  from  the  ]iresence  of  trees  in 
larger  masses,  in  their  effect  on  climate,  water  supply,  and  in  other 
ways,  such  as  to  render  it  advisable  that  in   some  cases  the  mere 
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financial  aspect  should  be  subordinate.  These  incidental  advantages 
concern  the  general  public  rather  than  the  individual,  and  in  the 
case  of  the  individual  holder  of  woodland,  he  cannot  be  expected 
to  sacrifice  his  personal  financial  interests  for  the  general  good. 
For  this  and  other  reasons,  it  is  wise  that  forestr}^  on  a  large  scale 
should  be  conducted  by  the  State.  A  private  holder  might,  under 
pressure  of  pressing  financial  need,  realize  on  his  forest  wealth  in 
a  way  inimical  to  the  general  welfare  and  disastrous  to  the  indus- 
tries dependent  upon  forest  products.  The  State,  on  the  other  hand, 
is  free  from  this  danger,  and  is  in  position  to  disregard  immediate 
profits  where  a  close  regard  for  them  would  adversely  affect  the 
general  good  in  other  ways.  At  the  same  time  it  is  possible  to 
retain  these  incidental  advantages  without  sacrificing  the  purely 
financial  results,  and  it  is  in  this  direction  that  the  services  of  the 
skilled  forester,  the  trained  and  scientific  observer,  will  be  required. 

No  formulated  system  of  forestry,  no  matter  how  scientific  it 
may  be,  will  serve  in  this  Province  unless  it  is  based  on  observa- 
tion and  jjraetice  under  our  own  conditions.  We  have  to  solve  our 
problems  in  our  own  way. 

France  and  Germany  and  other  European  countries  have  ela- 
borate scientific  forestry  systems  that  are  well  nigh  perfect  in  their 
way,  and  for  the  countries  in  which  th6y  have  been  developed. 
They  are  the  result  of  years  of  investigation  and  practice  by  scien- 
tific men;  yet  their  systems  are  of  little  use  to  us  except  as  forming 
a  basis  from  which  to  study  our  own  needs. 

In  our  country,  where  only  a  third  to  a  half  of  a  small  propor- 
tion of  the  more  valuable  varieties  of  trees  have  a  market  value, 
we  could  not  afford  to  establish  nurseries  and  transplant  trees  on  a 
large  scale,  as  is  done  in  some  parts  of  Europe,  where  the  limbs,  roots 
and  even  the  leaves  of  the  trees  are  marketable. 

The  cost  of  preparing  the  ground,  planting  the  young  trees, 
plus  the  cost  of  protection  and  care  of  the  forests  for  50  to  100 
years,  plus  also  the  interest  on  the  capital  invested  during  that  long 
period  would,  I  fear,  show  a  balance  on  the  wrong  side  of  the  ledger 
when  the  crop  was  harvested.  It  is  true  conditions  will  be  changed 
in  this  country  before  a  crop  planted  now  will  be  ready  for  harvest, 
but  not  sufficiently  so  as  to  make  a  financial  success  of  tree  planting 
by  the  State  in  a  lar.^e  scale. 
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However,  if  -ne  have  not  much  cash,  we  have  plenty  of  time 
and  i^lenty  of  land.  A  forest  will  inevitably  reproduce  itself  if 
allowed  to  do  so,  and  it  is  the  business  of  the  forester  to  as-ist 
Nature  in  securing  a  new  crop  in  the  shortest  time  and  composed 
of  the  most  valuable  commercial  varieties  of  trees. 

Nature  is  sometimes  slow  in  her  methods  and  does  not  always 
accomplish  the  work  in  hand  as  we  would  have  it  done;  yet  in  the 
reproduction  of  forests  in  Ontario,  she  is  apt  to  reproduce  a  forest 
of  the  highest  economic  value.  The  most  valuable  tree  from  a 
commercial  point  of  view  in  our  original  forests  was  the  white  pine, 
(Pinus  Strobus),  and  in  nearly  all  cases  the  forest  planted  by  Nature 
after  the  original  one  has  been  cleared  away  by  the  axe  of  the  lum- 
berman and  by  fire,  is  largely  composed  of  that  tree.  It  fs  true  that 
after  a  forest  fire  the  first  succeeding  crop  of  trees  is  composed 
largely  of  poplar  and  birch,  trees  that  seed  yearly,  and  whose -seeds 
are  light  winged  and  are  carried  miles  by  the  wind ;  but  these  broad- 
leaved  trees  form  the  proper  condition  of  shade,  and  fit  the  soil  for 
the  growth  of  the  young  pines  that  grow  up  under  their  protection, 
in  all  cases  where  any  pine  trees  old  enough  to  bear  seed  have 
been  left  in  the  neighborhood.  The  young  pine  plant  is  very  deli- 
cate, and  liable  to  extinction  in  the  first  few  days  of  its  growth,  if 
exposed  to  the  direct  -rays  of  the  sun.  Hence  you  will  see  that  the 
presence  of  the  forest  weeds,  the  poplars  and  birches  is  necessary  as 
a  nursery  for  the  more  valuable  sorts;  and  Nature  is  doing  her 
work  well  in  spite  of,  nay,  in  some  cases,  assisted  by  fire.  That  we 
can  assist  Nature  and  hasten  the  growth  of  the  profitable  forest  is 
undoubted,  and  to  apply  the  trained  skill  necessary  for  this  object 
we  require  educated  foresters. 

Our  forests,  besides  returning  a  direct  annual  revenue  to  the 
Province  of  over  a  million  dollars,  support,  next  to  agriculture,  by 
far  our  largest  industry.  Tliougli  not  so  attractive  as  mining,  it 
has  produced  more  wealth  in  Ontario  than  mining  is  likely  to  do 
for  some  time,  and  upon  its  continuance  depends  largely  our  pros- 
perity. It  is  not  too  much  to  expect  that  in  the  not  distant  future, 
the  best  trained  men  from  our  scientific  schools  will  find  employment 
in  managing  the  forest  industries  of  the  Province.  We  have  no 
School  of  Forestry  in  Canada,  though  some  three  or  four  liave  been 
started  in  the  United  States.  What  we  need  is  practical  men 
whose  scientific  traininsf  has  taught  them  how  to  observe. 
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It  is  largely  a  matter  of  observing,  of  finding  out  the  "  why  " 
of  things.  A  couple  of  years  ago,  in  travelling  through  a  pine 
forest  with  the  superintendent  of  one  of  our  large  lumber  firms,  I 
picked  up  a  considerable  number  of  cones  to  see  if  there  were  any 
seeds  left  in  them  after  they  had  fallen  from  the  trees.  Upon 
remarking  that  I  had  about  concluded  that  the  scales  of  the  cone 
opened  and  the  seeds  dropped  out  before  the  cone  fell  off  the  tree, 
my  companion  remarked: — "  Do  you  mean  to  say  that  there  were 
seeds  in  them  things?  I  have  seen  plenty  of  them  lying  on  the 
ground  for  years,  but  never  knew  what  they  were."  Now  I  cannot 
imagine  a  student  of  the  S.  P.  S.  walking  over  pine  cones  for  20 
years,  as  this  man  had  done,  without  having  curiosity  enough  to  find 
out  what  they  were. 

As  an  instance  of  the  benefit  of  a  scientific  training,  no  matter 
to  what  branch  of  engineering  the  problem  which  confronts  a  man 
may  belong,  I  may  state  that  I  have  been  assisted  recently  by  a 
graduate  of  this  School  in  trying  to  solve  one  of  the  problems  that 
Ave  have  to  face.  A  lumberman  whose  forest  contained  considerable 
quantities  of  hemlock  (Abies  Canadensis)  was  unable  to  harvest  it 
profitably.  There  was  no  local  market  for  hemlock  bark,  and  this 
inability  to  sell  the  bark  removed  the  profit  there  should  otherwise 
have  been  in  cutting  the  timber.  I  happened  to  know  that  Mr.  J. 
A.  DeCew,  a  graduate  of  the  S.  P.  S.,  had  been  investigating  the 
chemistry  of  woods,  and  I  appealed  to  him  in  the  matter.  I  have 
now  in  my  office  a  very  valuable  paper  jjrcpared  by  him  on  the  pro- 
cess of  preparing  extract  of  hemlock  bark,  or  liquid  tannin,  and  if 
moderate  sized  portable  plants  can  be  secured  at  a  suitable  price, 
lienilofk  lumber  may  be  produced  profitably  in  these  limits,  as  is 
the  case  in  similar  forests  near  railways  or  near  tanneries. 

I  mention  this  merely  to  show  that  the  problems  in  forestry 
practice  are  either  financial  or  scientific,  or,  correctly  speaking,  both. 
A  college  training,  as  I  understand  it,  does  not  make  a  man  a  com- 
petent surveyor  or  engineer,  but  equips  him  so  that  he  may  become 
one.  He  may  not  have  the  expert  knowledge  required,  but  he 
knows,  or  should  know,  how  to  acquire  it.  He  has  been  trained  to 
apply  his  powers  of  observation,  his  "  horse-sense,"  to  the  various 
scientific  problems  as  they  arise  in  actual  practice. 

s.  p.s.  2 
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Another  problem  in  Ontario  forestry,  largely  of  an  engineering 
nature,  is  presented  in  connection  with  the  Temagami  Forest 
Eeserve.  This  reserve,  comprising  1,400,000  acres  of  virgin  forest 
land,  contains  a  very  large  quantity  of  standing  timber,  some  of 
"which  is  mature  and  ready  to  cut.  The  territory  is  drained  partly 
into  the  Ottawa  Eiver  and  partly  through  the  Temagami  and  Stur- 
geon Eivers  into  Lake  jSTipissing,  and  thence  to  Georgian  Bay.  The 
height  of  land  separating  the  two  drainage  basins  is  very  narrow. 

Before  beginning  to  remove  the  mature  timber  from  this 
Eeserve,  it  will  be  necessary  to  know  whether  it  would  be  prac- 
ticable or  profitable  to  connect  the  two  systems  of  waterways.  We 
will  also  require  a  more  or  less  complete  topographical  map  of  the 
Eeserve;  will  need  to  find  out  what  improvements  will  be  neces- 
sary to  the  various  streams  to  enable  the  logs  to  reach  the  market, 
as  well  as  to  lay  down  and  construct  roads  in  the  bush  for  hauling 
logs  to  the  water.  There  are  other  problems  of  a  purely  sylvicultural 
nature,  such  as  ascertaining  the  rate  of  growth  and  present  age  of 
the  trees  to  be  cut,  in  order  that  the  cutting  may  be  properly  exe- 
cuted, problems  to  be  solved  by  the  expert  forester;  but  many  of 
the  problems  are  of  a  purely  engineering  nature. 

I  have  been  frequently  asked  if  I  thought  there  was  likely  to 
be  a  chance  of  employment  for  scientific  foresters  in  Ontario,  I 
quite  unhesitatingly  say  I  do  think  so,  not  by  the  Government  alone, 
but  by  lumbermen  as  well,  for  it  will  not  be  long  before  they  will 
see,  as  the  large  forest  owners  of  the  United  States  already  recog- 
nize, that  scientifically  trained  men,  who  also  have  common  sense, 
are  better  than  men  with  common  sense  alone. 

In  this  connection  I  have  referred  to  some  of  the  problems  in 
Ontario  to  be  solved,  to  show  you  that  the  training  given  in  the 
School  of  Practical  Science  is  quite  in  the  line  required  for  the 
special  work  when  the  proper  time  arrives.  True,  you  will  need 
special  work  in  botany  and  practical  forestry,  but  the  instructions 
you  are  receiving  in  civil  engineering,  as  I  understand  it,  are  such 
as  you  need  for  the  forestry  profession.  Therefore,  let  me  urge 
you  when  engaged  in  surveying,  or  in  other  branches  of  engineering, 
to  observe  conditions  in  the  forest,  in  saw  milling,  in  lumbering,  and 
in  all  that  pertains  to  this  great  industrs*.  The  knowledge  you 
thus  acquire  will  be  useful,  and  you  do  not  know  how  soon  you  may 
be  called  upon  to  put  it  to  practical  use. 
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The  increasing  scarcity  and  cost  of  large  timbers,  together  with 
their  rapid  deterioration  in  the  air  of  most  mines,  are  bringing 
masonry,  iron  and  steel  more  and  more  into  prominence  as  materials 
for  mine  structures  which  are  intended  to  be  of  a  permanent  char- 
acter. The  use  of  iron  and  steel  as  substitutes  for  timber  has 
already  had  a  place  for  a  considerable  time  in  continental  mining 
practice.  They  have  also  been  employed  in  many  English  mines  and 
collieries.  In  American  mines,  however,  owing  to  the  abundance 
and  relative  cheapness  of  timber  in  most  mining  camps,  iron  and 
steel  have  had  but  a  limited  use  up  to  the  present.  But  there  is  a 
tendency,  even  on  this  continent,  to  restrict  the  use  of  timber  for 
many  purposes  in  mining.  This  is  partly  due  to  the  disastrous 
mine  fires  which  often  occur,  and  which  cause  mine  managers  to' 
come  to  the  conclusion  that  the  extra  cost  involved  in  the  use  oi 
non-combustible  materials  for  lining  permanent  ways  in  large  mines 
may  frequently  be  justified.  It  will  be  the  object  of  this  paper  to 
call  attention  to  some  typical* constructions  employing  iron  or  steel 
which  have  been  tried  in  mines  and  have  been  found  satisfactory. 

SHAFTS. 

In  lining  shafts,  rings  of  I-l)eanis  or  channel-bars  have  been 
used  extensively  as  curbs.  They  are  upheld  at  the  ])ro])er  distances 
apart  by  struts  of  wood  or  iron,  and  backed  by  heavy  planks  or  iron 
sheeting.  The  initial  cost  of  iron  lining  in  place  is  estimated  to  be 
twice  tliat  of  wood  and  equal  to  that  of  masonry,  but  the.  cost  of 
maintenance  is  only  one-third  tliat  for  wood  and  about  the  same  as 
for  masonry  in  drv^  shafts.* 

The  most  successful  methods  of  sinking  shafts  in  running 
ground  all  employ  iron  tubing.     The  ordinary  methods,  as  well  as 


*  Ililseng,  "  Manual  of  Mining',"  p.  337. 
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those  of  Triger,  Haase,  Kind  and  Chaudron,  are  described  fully  in 
the  textbooks  on  mining,  so  that  to  mention  them  in  connection  with 
this  subject  will  be  sufficient. 

Steel  has  recently  been  used  in  the  form  of  expanded  metal  in 
lining  the  shaft  of  a  Pennsylvania  coal  mine.*  The  No.  2  shaft  of 
the  Manville  mine  at  Scranton  had  been  lined  with  a  double  wood 
cribbing  with  clay  between  the  cribs.  Quicksand  and  water  had 
caused  this  work  to  fail,  and  the  management  put  in  its  place  slabs  of 
concrete  18  inches  thick,  reinforced  by  expanded  metal.  This  con- 
struction is  said  to  be  satisfactory  in  keeping  back  the  quicksand 
and  water. 

TUNNELS,    DRIFTS,   ETC. 

In  linings  for  tunnels,  iron  and  steel  have  been  used  quite 
extensively  in  Europe,  and  various  forms  of  construction  are  em- 
ployed. 

In  the  Halkyn  Drainage  Tunnel,  Flintshire,  where  the  sides  are 
firm,  but  the  roof  weak,  frames  are  employed  consisting  of  two 
hollow  cast-iron  cylinders  as  posts  with  a  50-lb.  rail  strung  across 
.  their  tops.  The  head  of  the  rail  is  placed  downwards  and  rests  in 
grooved  chairs  which  tit  into  the  tops  of  the  cylinders.  These 
frames  are  placed  about  three  feet  apart  and  planks  or  light  rails 
are  laid  from  one  to  the  other.  The  space  between  them  and 
the  roof  is  tightly  packed  with  stones.  A  dry  stone  wall  is  built 
upon  each  side  with  an  occasional  plank  or  rail  to  make  it  firmer. 
It  was  estimated  that  to  have  secured  this  part  of  the  tunnel  with 
good  masonry  would  have  cost  nearly  twice  as  much  as  this  method, 
using  iron,  the  cost  of  which  was  $10.75  (£2  4s.)  per  linear  yard  of 
tunnel.f 

In  France,  special  forms  of  I-steel  are  manufactured  for  frames 
in  tunnels,  levels,  etc.  A  favourite  form  consists  of  two  side  pieces 
suitably  bent  at  the  top  and  united  by  fish-plates  and  bolts  so  as  to 
form  a  shape  like  an  inverted  IT.  Another  French  frame  much  in 
use  is  composed  of  two  semicircles  of  mild  steel.  For  this,  two 
kinds  of  sections  are  employed, — channel  steel,  and  bulb  tee  steel. 


•  "  The  Doings  of  Expanded  Metal,"  December,  1901,  published  by  the  Asso- 
ciated Expanded  Metal  Companies. 

f  C.  Le  Neve  Foster,  "  Ore  and  Stone  Mining,"  p.  259. 
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The  channel  steel  used  weighs  about  IG  lbs.  to  the  yard.  It  is  sawn 
into  proper  lengths  on  leaving  the  rolls  and  bent  into  semicircles 
while  still  hot.  The  two  pieces  are  joined  by  sleeves  of  sheet  steel 
fastened  by  a  couple  of  iron  wedges.  Steel  of  the  bulb  tee  section 
weighing  about  26  lbs.  per  yard  is  employed  for  heavier  ground. 


Metres,  o 

Feet,         O    /     2    3    4     5    (6 


While  in  Saxony  last  year,  the  writer  was  mucli  impressed  by 
the  extensive  use  to  which  old  rails  are  put  in  the  silver-lead  mines 
of  the  Freiberg  district.  Here  it  is  claimed  that,  although  iron  costs 
about  the  same  as  masonry  and  will  not  last  so  long,  yet,  in  setting 
up,  the  iron  takes  much  less  time  and  when  completed  occupies  less 
space  than  masonry;  wliile,  in  all  probability,  the  iron  will  stand  for 
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several  generations.*  In  the  Rothshonbei'g  tunnel  two  rails  are  bent 
so  as  to  form  an  elliptical  shape,  and  united  at  top  and  bottom  bj 
fish  plates  and  bolts.  Behind  these  frames  light  mine  rails  are 
strung  and  flat  pieces  of  rock  packed  in  tightly  all  around.  At  other 
places  in  the  district  rails  are  used  as  posts  and  caps.  The  head  of 
the  rail  used  as  cap  is  let  into  the  upper  ends  of  the  upright  rails. 
The  feet  of  the  uprights  rest  directly  on  the  floor  of  the  tunnel. 
Where  the  sides  are  firm  and  only  the  roof  needs  support,  as  in 
drifts  where  overhand  stoping  is  employed,  rails  are  placed  across 
with  their  ends  resting  in  hitches  cut  into'  the  wall-rock,  thus  form- 
ing stulls  to  support  the  waste  material  heaped  above.  The  rails 
used  for  tliis  purpose  are  of  varying  size  and  cross-section,  depending 
upon  the  load  they  have  to  supj^ort.  Light  mine  rails  are  strung 
across  these  rails  and  spaced  6  to  8  inches  apart,  with  flat  pieces  of 
rock  laid  on  top  to  form  the  staging  on  which  the  miners  stand  and 
pile  up  the  waste  after  each  blast.  (See  Fig.  1.)  In  some  of  tlie 
Freiberg  mines  the  rails  are  given  a  slight  bend  upwards  so  as  to 
bring  the  principle  of  the  arch  into  play.  Where  this  is  done,  it  is 
usual  to  give  a  bend  of  about  5  cm,  inl  100  cm.  of  length.  It  is 
claimed  that  the  strength  is  increased  by  doing  this,  so  that  much 
lighter  rails  may  be  used  thah  if  they  were  straight]  under  the  same 
load.  In  places  where  the  mine  waters  are  acid,  the  use  of  iron  for 
supports  shoukl  be  avoided.  At  several  places  in  the  upper  levels 
of  the  Himmelfahrt  mine  at  Freiberg,  the  rails  have  to  be  replaced 
frequently  on  account  of  the  rapid  corrosion  caused  by  such  mine 
water.  Fven  coating  the  rails  with  tar  is  said  to  have  but  little 
effect  in  delaying  the  corrosion. 

GANGWAYS,    ETC.,    IN    CQAL    MINES. 

Steel  I-beams  have  been  used  witli  success  for  some  years  at  tlio 
Nunnery  Colliery,  Sheffield.  The  usual  size  is  4  inches  wide,  5 
inches  deep,  with  3-8  in.  web.  They  are  used  either  as  caps  on 
timber  posts  (see  Fig.  2)  or  as  posts  and  caps.  In  l)oth  cases  the 
beam  used  for  the  cap  has  a  lug  or  band  of  wrought  iron.  1  in.  x 
3-4  in.,  shrunk  on  about  a  foot  from  eacli  end.  This  prevents  the 
posts  from  coming  in  sideways.    ,Sueh  frames  or  sets  are  placed  3 

•  "  Freiberg  Berg-und  Hiittenwesen,"  pp.  17G-183. 
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feet  apart,  and  old  timber  is  placed  across  from  cap  to  cap,  support- 
ing the  roof.  The  steel  beams  are  tarred  over  with  unboiled  gas 
tar,  and  have  been  in  use  several  years  without  showing  any  signs  of 
deterioration;  while  timber  at  the  same  colliery  lasts  only  two  years 
on  an  average.* 


Sect/ on  ab. 


Fig.  ^ 


In  another  English  colliery  I-beams  are  similarly  employed.  As 
an  experiment  in  this  colliery,  lengths  of  roads  were  timbered 
alternately  with  wood  and  steel  (timber  being  used  for  props  in  both 
cases.)  But,  before  definite  results  could  be  obtained,  the  district 
fired  was  dammed  off  and  abandoned.  After  a  lapse  of  9  months, 
the  roads  were  re-opened,  and  it  was  found  that  the  steel  bars  had 
•  C.  Le  Neve  Foster,  "  Ore  and  Stone  Mining,"  p.  261. 


24  THE   USE   OF   IRON    AND   STEEL   IN    MINES. 

suffered  scarcely  at  all,  only  a  few  being  displaced  owing  to  their 
timber  supports  breaking.  But,  at  places  where  timber  caps  had 
been  set,  the  roof  liad  fallen  in,  and  considerable  expense  in  wages 
was  involved  in  repairing  it.  On  a  main  haulage  road  in  this  same 
colliery  12-ft.  girders  of  a  section  6  in.  x  4^  in.  with  |-in.  web, 
weighing  78  lbs.  to  the  yard,  were  employed,  replacing  9-in.  timber 
bars.  The  first  cost  of  the  steel  here  was  2^  times  that  of  wood. 
The  date  o.f  fixing  each  girder  was  noted,  and  in  many  instances  the 
gircfers  outlasted  3  to  4  sets  of  timber  before  removal;  so  that,  even 
if  the  steel  bars  were  worthless  on  removal,  their  actual  cost  would 
have  been  less  than  for  timber.  But,  after  being  taken  out,  they 
had  merely  to  be  straightened  and  then  were  practically  as  good  as 
new.* 

Cast  iron  cylinders  are  being  used  in  place  of  timber  posts  in 
many  English  collieries.  It  has  been  said,  however,  that  they  are  liable 
to  break  if  any  great  side  pressure  comes  on  them.  The  Balmer  prop 
is  a  modification  which  consists  of  two  cast  iron  cylinders,  of  which 
the  lower  is  filled  with  loose  packing,  and  the  upper  telescopes  into 
it  as  far  as  the  packing  will  permit.  Holes  in  the  side  of  the  lower 
cylinder  allow  some  of  the  packing  to  be  removed,  so  that  the  prop 
can  shorten  itself.f 

For  withstanding  very  great  pressures  coming  from  floor  and 
sides  as  well  as  roof,  two  forms  of  construction  which  were  observed 
by  the  Avriter  in  the  Oberhohndorf  colliery  at  Zwickau,  Saxony, 
have  been  in  use  for  several  years.  One  of  these  is  a  tubular  form, 
the  frames  being  rings  composed  of  two  semicircles  of  channel  steel 
joined  by  fish  plates  bolted  on  the  outsides  of  the  flanges  (Fig.  3). 
The  rings  are  2^  metres  in  outside  diameter,  and  are  placed  1  metre 
apart,  centre  to  centre,  each  being  held  in  position  by  tJiree  tie-rods 
or  dogs  joining  it  to  the  preceding  ring.  These  tie-rods  are  made 
from  mine  rails  cut  to  proper  lengths  and  turned  over  at  the  ends 
The  gangway  to  be  lined  with  this  construction  has  first  to  be  en- 
larged until  its  cross-section  is  about  14  feet  square,  the  roof  and 
sides  being  held  temporarily  by  timber  props  and  logging.  _  The 
excavation  is  carried  about  20  feet  in  advance  of  the  work  of  lining. 
The  floor  is  first  covered  with  concrete  up  to  a  certain  level.     A 


•  Hughes,  "  Textbook  of  Coal  Mining;,"  p.  137. 
i  Journal  of  Iron  and  Steel  Inst.,  1000,  II,  p.  472. 
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timber  sleeper  4  metres  long  is  then  laid  on  the  concrete,  given  its 
proper  leveling  and  alingment,  and  then  firmly  embedded  with  more 
concrete.  Four  of  the  channel  steel  rings  are  then  set  up  and  held 
temporarily  by  timber  props  and  wedges.  Timber  slabs  from  2  to 
3  inches  thick  and  3  metres  long  are  then  placed  in  position  on  the 
outside  of  the  rings,  and  concrete  rammed  in  firmly  all  around. 
Temporary  timber  supports,  which  interfere  with  the  work  as  it  is 
built  up,  are  cut  away,  leaving  the  lower  parts  imbedded,  in  the  con- 
crete. When  the  concrete  filling  is  about  two-thirds  of  the  height 
of  the  excavation  it  has  to  be  continued  in  sections  of  one  metre, 
the  end  face  of  the  section  being  held  with  boards  until  it  has  reached 
thie-  roof  and  has  set.  In  a  double-tracked  gangway  this  work  may 
go  on  without  seriously  disturbing  its  traffic,  by  keeping  one  track 
constantly  supported  and  having  a  switch  at  each  end  of  the  place 
of  construction,  so  that  both  in  and  out  going  trams  may  use  it. 
The  other  track  is  used  for  hauling  concrete  to  the  work.  Six  men 
are  required — two  miners,  two  masons,  and  two  shovellers.  "Working 
two  ten-hour  shifts  per  day,  a  section  4  metres  in  length  is  completed 
in  six  days.  The  total  cost  is  about  $5U  per  metre  length  of  gangway. 
For  single-tracked  gangways  a  construction  differing  only  in  the 
employment  of  elliptical  channel  frames  is  used,  but  where  thei  side 
pressure  is  very  great, -these  frames  have  occasionally  been  crushed 
in  at    the  joints. 

The  other  form  of  iron  construction  used  in  the  Oberhohndorf 
colliery  is  shown  by  the  sketches  in  Fig.  4.  Cross-rails  used  as  sills  are 
imbedded  in  a  concrete  foundation,  and  side  walls  resting  on  them  are 
built  up  to  a  height  of  about  1^  metres  above  the  floor  of  the  gang- 
way with  a  thickness  of  1  metre.  These  side  walls  are  constructed  ot 
layers  of  rail  lengths  laid  crosswise  and  lengthwise  alternately.  Tie- 
rods  prevent  the  rails  from  spreading,  and  concrete  is  packed  in 
between  and  beliind  them.  The  roof  is  formed  by  lengths  of  rails, 
bent  slightly  at  the  middle,  wliich  arch  against  an  I-beam  at  the  top 
of  the  gangway  and  spring  from  a  rail  and  angle-iron  laid  along  the 
tops  of  the  sidewalls.  In  between  the  webs  of  these  roof-rails  com- 
mon sized  bricks  are  placed.  Concrete  is  rammed  in  tightly  above 
the  bent  rails  and  the  side  walls.  This  construction  was  first  put 
in  about  16  years  ago  after  a  fire  had  caused  the  collapse  of  some  of 
the  main  haulage  wavs  and  had  necessitated  the  closinff  of  one  of  the 
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shafts  for  several  months.  The  work  of  this  kind  which  was  then 
constructed  is  still  apparently  as  firm  as  ever.  Only  the  main  gang- 
ways are  supported  in  this  way,  and  they  only  for  a  hundred  metres 
or  so  from  the  shaft,  on  account  o±  the  expense,  the  cost  being  about 
$85  per  metre. 

At  the  Spring  Valley  coal  mines,  in  Illinois,  a  new  shaft  had  to 
be  sunk  in  1896,  on  account  of  a  fire  which  had  caused  considerable 
damage.  When  the  gangways  and  sidings  were  being  constructed  at 
the  new  shaft,  the  manager  was  particularly  anxious  to  use  as  little 
timber  or  other  combustible  material  as  possible.  The  side  walls 
were  built  of  masonry  and  15-in,  I-beams,  weighing  50  lbs.  per  foot, 
were  placed  4  feet  apart  to  support  the  roof.  These  I-beams  rested 
on  heavy  cap  stones  in  the  tops  of  the  walls.  The  width  of  the 
gangway  is  14  feet,  and  its  height  7  feet,  from  top  of  tracks  to 
bottom  of  I-beams.  The  covering  of  the  I-beams  is  composed  of 
3-in.  oak  planks.* 

A  similar  use  of  steel  girders  is  made  in  some  of  the  Pennsyl- 
vania coal  mines. 

ADVANTAGES   IN   THE  USE  OF  IRON  OR  STEEL. 

The  great  advantage  of  steel  beams  over  timber  ones  is  in  the 
matter  of  durability,  which  means  a  reduction  in  the  cost  of  repairs. 
Besides  this,  however,  there  is  the  possibility  of  using  the  beams 
elsewhere  when  taken  out.  When  only  slightly  bent  they  can  be 
reversed  and  used  over  again.  If  badly  bent  they  can  be  straightened 
or  sent  to  the  steel  works  to  be  worked  over.  In  any  ease  the  steel 
has  some  value,  but  timber  after  failure  is  crushed  and  splintered  so 
badly  that  it  is  worthless.  Another  advantage  in  the  use  of  steel 
beams  is  the  increased  space  for  ventilation,  due  to  the  small  size 
of  steel  beams  compared  with  timber  ones.  Decaying  timber 
takes  fire  very  easily,  and  is  moreover  an  important  factor  in  causing 
tlie  air  of  a  mine  to  become  foul.  Finally,  in  setting  up  almost  any 
form  of  steel  or  iron  construction,  the  parts  can  be  put  together 
and  the  structure  completed  in  less  time  and  with  less  labour 
than  masonry,  or  even  timber  used  for  tlie  same  purpose. 


•  "  Improvements  at  the  Spriii>j  Valley  Mines,"  Trans.  Am.  Inst.  M.  E.,  vol. 
xxix,  1000,  pp.  187-209. 
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Charles  H.  Eust.  C.E.,  M.  Can.  Soc.  C.  E. 


The  following  short  account  of  the  biological  or  bacterial 
method  of  sewage  disposal  has  been  prepared  by  the  writer  with 
the  hope  that  it  maj^  be  of  some  interest  to  the  members  of  your 
Society. 

It  is  only  within  the  past  five  or  six  years  that  the  bacterial 
method  of  disposal  has  been  brought  prominently  before  the  public, 
but  there  is  now  a  large  number  of  small  towns  in  England  that 
have  adopted  it,  and  some  of  the  largest  cities  have  been  experi- 
menting, with  a  view  of  doing  so,  while  in  America  at  the  present 
time  several  towns  have  installed  sewage  works  upon  the  bacterial 
system. 

The  following  short  extract  will  explain  clearly  what  bacteria 
are : — ''  Bacteria  are  minute  forms  of  vegetable  life,  whose  existence 
was  not  even  suspected  until  late  in  the  seventeenth  century.  They 
are  so  small  that  it  requires  the  most  powerful  microscope  to  make 
them  visible  at  all.  There  are  other  low  forms  of  life  which  bear 
a  part  with  them.  They  may  be  divided  into  two  classes,  the  anae- 
robic and  the  aerobic.  The  anaerobic  live  without  air,  that  is  with- 
out free  oxygen,  the  aerobic  existing  with  free  oxygen.  Exposure  to 
air  kills  the  anaerobes,  and  all  bacteria  are  destroyed  if  allowed  to 
remain  too  long  in  contact  with  their  own  products.  In  the  absence 
of  water,  or  at  least  moisture,  -they  are  unable  to  multiply  and 
remain  dormant.  The  work  bacteria  do  in  the  purification  of  sewage 
is  to  oxidize  the  foul  matters  of  which  it  is  partly  composed.  To 
effect  a  thorough  purification  three  separate  processes  are  needed^ 
viz.  (first)  anaerobic,  (second)  partly  anaerobic  and  partly  aerobic, 
(third)  aerobic." 

The  subject  may  be  discussed  under  two  heads,  first,  the  so- 
called  septic  tank;  second,  the  contact  or  bacteria  beds;  and  imder 
this  heading  comes  land  treatment,  either  by  broad  irrigation  or 
bv  intermittent  downward  filtration. 
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The  septic  tank  consists  of  a  tank  or  series  of  tanks^  and  was 
first  introduced  by  Mr.  Cameron,  City  Surveyor  of  Exeter,  in  1895, 
when  a  small  exjierimental  one  was  installed  to  dispose  of  the  sewage 
of  Belle  Isle,  Exeter.  These  tanks  when  first  introduced  were 
covered,  but  now  this  is  not  considered  ahsolutely  necessary,  although 
the  writer  is  of  the  opinion  that  in  this  country,  on  account  of  the 
climate,  it  would  be  more  satisfactory  during  the  winter  months  to 
have  some  form  of  cover.  This  system  altogether  changed  the  old 
methods  of  treating  sewage,  when  all  suspended  solids  were  thrown 
down  by  means  of  chemicals.  In  a  septic  tank  the  solids  are  lique- 
fied by  means  of  anaerobic  bacteria.  "  It  used  to  be  considered 
necessary  to  prevent  decomposition,  but  i.n  the  septic  tank  the  object 
is  to  promote  it.  It  was  also  considered  necessary  to  exterminate 
all  the  l)acteria.     Xow  they  are  cultivated.'' 

The  action  that  takes  place  in  the  tank  is  a  process  of  removing 
most  of  the  suspended"  organic  matter,  some  which  is  in  solution, 
giving  an  effiuent,  which,  although  not  chemically  pure,  is  inoffen- 
sive, and  in  some  cases  pure  enough  to  be  turned  into  large  streams 
or  bodies  of  water  without  creating  a  nuisance.  This  is  all  brought 
about  by  the  action  of  anaerobic  bacteria,  which  are  ditferent  from 
those  which  act  in  the  contact  beds,  and  in  land  treatment.  Thev 
thrive  in  the  absence  of  oxygen  and  arc  the  organisms  which  cause 
putrefaction. 

Instead  of  filling  and  emptying  the  tank  alternately,  as  is  done 
ir  the  chemical  process  of  precipitation,  the  sewage  runs  continu- 
ously through  it,  the  motion  being  so  slow  that  the  contents  are 
practically  at  rest.  This  affords  an  o|)portunity  for  tlu'  separation 
of  the  solid  matter,  the  heavier  substances  falli^ig  to  the  bottom 
while  the  lighter  ones  rise  to  the  surface.  This  results  in  a  thick 
scum  forming  on  the  top  of  tiu-  li<|uid.  Bacieria  are  thus  afforded 
conditions  very  favourable  to  their  growth.  The  bottom  of  the  tank 
is  covered  with  a  deposit  largely  mineral,  but  is  verv  small  compared 
Avith  the  amonnt  of  fiolid  matter  that  comes  in  with  the  sewage.  It 
is  necessary,  especially  where  the  combined  system  is  in  use.  before 
putting  the  sewage  into  the  tanks,  to  pass  it  through  grit  chambers, 
which  should  be  cleaned  out  at  frequent  intervals,  and  it  would  bo 
advisable  also  to  have  screens  in  front  of  these  chambers,  for  the 
purpose  of  intercepting  bits  of  wood,  rags,  etc.     These  chambers 


BACTERIAL   METHOD   OF   SEWAGE   DISPOSAL.  31 

should  be  frequently  cleaned  out  and  the  sludge  burnt,  if  possible. 
Having  tirst  removed  these  insoluble  substances  from  the  sewage,  it 
will  be  much  easier  to  obtain  a  higher  percentage  of  destruction  in 
the  tanks. 

The  capacity  of  the  tanks  will  vary  somewhat,  depending  upon 
the  condition  of  the  sewage.  In  England  it  has  been  the  practice 
to  provide  a  capacity  in  the  tanks  equal  to  three-quarters  to  one  and 
one-half  day's  supply  of  sewage.  In  this  country',  owing  to  the 
much  weaker  nature  of  the  sewage,  one-half  to  three-quarters  of  a 
day's  supply  will  probably  prove  sufficient,  although  the  writer 
understands  from  the  result  of  the  recent  experiments  made  at 
Manchester  that  a  system  of  septic  tanks  having  a  capacity  equal  to 
one-half  the  daily  flow  of  sewage   will  be  ample. 

After  the  sewage  passes  through  the  grit  chambers,  it  flows  into 
the  septic  tank,  where  it  is  acted  upon  by  the  bacteria.  It  is  found 
in  the  septic  tank  that  the  action  begiiis  slowly  and  gradually  rises 
up  to  Ihe  maximum.  It  is,  therefore,  important  that  the  ultimate 
flow  should  not  be  passed  through  the  tanks  at  first.  If  this  were 
done  sludge  Avould  rapidly  accumulate  before  septic  action  com- 
menced. 

The  great  advantage  of  the  septic  tank  over  the  old  system  of 
precipitation  by  chemical  moans  is  the  large  reduction  in  the  amount 
of  sludge  produced.  ISTot  only  does  a  reduction  in  the  amount  of 
sludge  take  place,  but  the  tank  is  of  great  use  in  obtaining  an  efflu- 
ent for  after  treatment  on  contact  beds,  and  it  also  produces  an 
effluent  readily  capable  of  nitrification. 

At  Exeter,  where  there  is  a  small  experimental  tank  which  has 
been  in  use  •for  the  past  six  years,  enough  gas  is  produced  for  lighting 
the  works  and  for  running  a  small  gas  engine.  It  is,  however, 
questionable  whether  the  amount  of  gas  given  off  in  an  open  septic 
tank  would  be  of  sufficient  value  to  pay  for  the  cost  of  collection, 
but  in  the  new  plant  now  being  constructed  for  treating  all  of  the 
sewage  of  Exeter,  the  tanks  are  to  be  covered  and  it  is  proposed  to 
obtain  a  sufficient  quantity  of  gas  to  illuminate  and  provide  power 
for  the  extensive  works.  It  is,  however,  not  supposed  that  there 
will  be  a  sufficient  quantity  of  gas  to  do  this  until  a  period  of  some 
months  has  elapsed.  The  gas  which  is  given  off  as  the  result  of 
decomposition    is  marsh  gas  and  free  hydrogen. 
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This  description  of  the  septic  tanks,  although  short,  will  pro- 
bably explain  clearly  to  the  members  of  your  society  their  working. 

The  contact  system  cansists  in  passing  the  sewage  into  beds 
filled  with  from  three  feet  to  four  feet  of  filtering  material,  usually 
clinkers.  These  beds  are  open  and  in  them  the  sewage  is  acted  upon 
by  aerobic  bacteria,  which  thrive  in  the  presence  of  air  and  light, 
and  the  greater  portion  of  the  organic  matter  is  removed  or  change<l 
into  hannless  compounds.  If  a  higher  degree  of  purification  is  re- 
quired, the  effluent  is  passed  from  the  first  into  another  and  finer 
bed.  It  is  absolutely  necessary,  in  order  to  secure  a  good  cfiluent,  to 
have  these  beds  thoroughly  drained  and  aerated,  for  if  the  water 
cannot  get  out  the  air  cannot  get  in,  and  the  lower  part  of  the  beds 
gradually  becomes  putrid.  These  beds  are  drained  in  some  cases  by 
ordinary  drain  pipes  and  also  by  agricultural  drains,  3  to  2J^  inches 
in  diameter,  the  rows  being  2  feet  apart. 

When  this  system  was  first  introduced  it  was  generally  supposed 
that  coke  would  make  a  satisfactory  filtering  mtcrial,  but  that  has 
not  been  found  to  be  the  case,  the  sewage  having  a  tendency  to 
gradually  break  down  the  -coke,  and  as  it  was  necessary  to  use  a  more 
refractory  material,  clinkers  were  adopted.  In  addition  to  clinkers, 
coarse  gravel  or  broken  stone  would  be  a  satisfactory  material,  and 
the  writer  has  heard  of  broken  glass  being  used  with  satisfactory 
results.  The  beds  in  the  majority  of  cases  are  constructed  of  either 
brick  or  concrete,  although  in  a  few  instances  where  the  soil  has 
been  suitable,  they  have  been  constructed  without  masonry.  There 
is  not  sufficient  information  available  at  present  to  know  definitely 
the  lifetime  of  the  filtering  material  or  the  annual  cost  of  opera- 
tion. In  spite  of  all  precautions  it  may  be  necessar}^  after  a  period 
of  three  or  four  years,  to  either  replace  the  material  or  have  it 
washed.  Up  to  the  present  time,  from  the  result  of  the  experiments 
made  in  the  various  cities  and  towns  in  England,  it  has  been  found 
that  the  capacity  of  these  beds  has  decreased  33  per  cent,  shortly 
after  being  installed,  but  have  since  shown  no  further  signs  of  de- 
crease. "  The  beds  must  also  be  worked  very  slowly  at  first  in  order 
to  allow  the  material  to  settle  and  the  bacterial  growths  to  form. 
In  this  way  there  would  be  less  danger  of  suspended  matter  finding 
its  way  into  the  body  of  the  bed  while  the  material  is  still  loose  and 
open."     The  beds  become  choked  by  reason  of  the  settling  together 
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and  breaking  down  of  the  material,  imperfect  drainage,  insolubh 
matter  entering  the  beds,  and  the  growth  of  organisms.  The  de- 
fective drainage  decreases  the  actual  water  capacity  of  the  beds  and 
prevents  thorough  aeration,  and  other  means  should  be  taken,  there- 
fore, to  make  it  as  perfect  as  possible. 

The  manner  of  putting  on  the  sewage  to  the  beds  is  generally 
as  follows: 

Each  bed  is  filled  three  times  per  day,  the  filling  generally 
taking  about  three  hours,  while  the  time  taken  to  empty  is  from  VA 
to  2  hours,  and  the  beds  in  some  cases  are  allowed  one  week's  rest 
in  five,  and  in  other  cases  they  are  given  7  hours'  rest.  The  flow  of 
sewage  is  in  some  cases  controlled  by  an  alternating  gear  and  in  other 
cases  by  the  Adams  syphon  or  by  manual  labour.  "  The  alternat- 
ing gear  automatically  opens  and  closes  the  various  valves  in  their 
proper  order  and  at  regular  intervals,  and  the  supply  and  discharge 
valves  for  each  pair  of  filters  are  suspended  from  the  outside  ends 
of  two  levers,  which  are  connected  to  one  shaft.  This  shaft  carried 
a  couple  of  rubber  actuating  buckets,  which  furnish  the  motive 
power.  As  soon  as  the  filter  is  filled  a  small  quantity  of  the  liquid 
overflows  from  its  discharge  well  into  one  of  the  actuating  buckets 
belonging  to  another  pair  of  filters."  This  action  goes  on  so  that 
•each  filter  is  in  turn  filled,  rested  full,  discharged  and  aerated. 

In  addition  to  the  treatment  by  the  ordinarv'  Dibden  contact 
bed,  experiments  have  been  made  with  continuous  filters,  such  as 
the  Whittaker  and  Bryant,  and  Stoddart.  The  patentees  for  these 
filters  claim  that  as  much  as  3,000,000  to  8,000,000  gallons  of  sewage 
per  acre  per  day  can  be  treated. 

The  following  is  a  description  of  the  Whittaker  and  Bryant 
filter  in  use  at  Eochdale,  England,  kindly  furnished  me  by  ^Ir. 
Pratt,  Borough  Surveyor: — 

"There  are  two  filters,  each  having  a  surface  area  of  200  square 
yards=400  square  yards.  Tlie  volume  of  sedimented  sewage  treated 
thereon  is  about  160,000  gallons  per  day  of  24  hours.  The  sewage 
is  continuously  applied.  Each  filter  is  constructed  as  follows : — The 
foundation  is  of  cement  concrete  rendered  to  a  smooth  surface  and 
made  to  fall  towards  a  channel  on  one  side  provided  for  the  collec- 
tion of  the  effluent.  Besting  on  the  concrete  are  two  courses  of 
s.p.s.  ■  3 
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bricks  in  ro\rs  supporting  18-in.  perforated  half  pipes,  above  which 
is  the  filtering  material,  9  feet  in  depth,  composed  of  gas  coke  which 
has  had  all  smaller  than  VA^n.  taken  out  of  it. 

"  In  the  centre  of  each  filter  is  a  perforated  chamber  or  shaft 
of  brickwork,  pigeon-holed  for  aeration  of  the  filtering  material,  on 
the  top  of  which  rests  the  mechanism  for  distributing  the  sewage. 
This  mechanism  consists  of  four  revolving  arms  1^-in.  and  1-in. 
iron  pipes,  which  are  perforata  at  varying  distances  and  with  holes 
of  varying  sizes,  so  as  to  ensure  a  uniform  distribution  of  the  sewage 
over  the  whole  of  the  upper  surface  of  the  filter.  The  sewage  dealt 
with  is  not  treated  at  all  by  chemicals,  but  passes  into  an  open  septic 
tank,  of  capacity  about  200,000  gallons,  or  rather  more  than  the 
daily  volume  treated.  This  tank  has  been  in  continuous  operation 
since  Jvlj,  1899,  and  the  sediment  accumulated  is  now  about  12  in. 
deep.  From  this  open  septic  tank  the  effluent  is  syphoned  into  a 
small  collecting  tank  of  about  750  gallons  capacity,  placed  near  the 
filters,  and  from  this  it  is  pumped  by  a  !N"o.  5  pulsometer  pump, 
which  lifts  the  tank  effluent  and  forces  it  to  the  distributors  of  both 
filters,  and  causes  the  arms  to  revolve  at  the  necessary  rate  to  ensure 
the  uniform  distribution  over  the  upper  surface  of  the  filter.  The 
steam  used  in  the  pulsometer  passes  into  the  sewage,  and  in  addition 
to  that  a  jet  of  steam-  is  injected  into  the  sewage  (in  winter)  on  its 
way  to  the  revolving  arms,  in  order  that  the  temperature  of  the  dis- 
tributed sewage  shall  be  as  nearly  as  possible  about  10  deg.  F.  higher 
than  that  of  the  sewage  in  the  open  septic  tank,  so  as  to  ensure  the 
better  bacterial  action  of  the  filter. 

"  The  effluent  from  the  bacterial  beds  contains  a  certain  amount 
of  suspended  matter,  and  with  a  view  of  removing  this  as  far  as 
possible  it  is  passed  through  a  settling  or  deposition  tank  of  about 
10,000  gallons  capacity. 

"  The  settling  tank  requires  to  be  emptied  twice  a  week,  the 
effluent  and  the  precipitated  matter  which  cannot  be  drained  away 
being  pumped  back  into  the  open  septic  tank." 

The  results  of  experiments  made  in  England  with  this  class  of 
filter  are,  I  believe,  fairly  satisfactory,  and  Accrington  has  adopted 
these  filters  for  the  treatment  of  all  the  sewage,  but  owing  to  our 
severe  winter,  I  do  not  think  the  continuous  filter  would  be  a  suc- 
cess in  this  country.  The  results  so  far  show  that  the  maintenance 
of  the  beds  and  septic  tank  will  not  be  costly. 
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The  members  of  your  Society  are  probaljly  aware  that  it  is  not 
absolutely  necessary  to  have  the  septic  tank  followed  by  after-treat- 
ment on  contact  beds.  In  places  where  a  high  degree  of  purity  is 
not  required,  septic  tanks  alone  Avill  be  sufficient,  or,  as  is  the  case 
in  some  small  towns  in  England,  contact  beds  with  either  two  or 
three  contacts,  without  the  septic  tank,  would  be  satisfactory,  but  it 
would  be  advisable  to  first  pass  the  sewage  through  small  settling 
tanks. 

Last  winter  the  writer  had  an  opportunity  in  England  of  in- 
specting some  of  the  sewage  disposal  works,  and  below  is  given  a 
description  of  the  method  in  operation  in  four  small  to^Tis,  which 
have  adopted,  with  very  satisfactory  results,  the  bacterial  method  of 
sewage  disposal. 

HAMPTON. 

The  plant  at  this  town  was  one  of  the  best  and  most  complete 
the  A\Titer  inspected.  Owing  to  the  rigid  requirements  of  the 
Thames  Eiver  Conservators,  three  contacts  are  used.  The  Local 
Government  Board  ordered  the  effluent  to  be  discharged  on  land 
after  coming  from  the  contact  beds,  and  the  Council  purchased  20 
acres  of  land  for  this  purpose,  but  it  was  found  that  the  effluent  • 
actually  deteriorated  after  land  treatment,  and  consequently  it  was 
discontinued.  The  effluent  is  used  for  condensing,  feeding  and 
cooling  purposes.  The  sewage  is  delivered  at  a  screening  chamber,^ 
where  it  passes  through  ^-in,  screens,  and  thence  to  the  beds  without 
sedimentation.  There  are  fifteen  beds  built  in  terraces  of  five  each.  The 
coarse  or  first  contact  beds  are  4  ft.  4  in.  deep,  50  ft.  x  34  ft,  6  in. 
filled  to  within  4  in.  of  the  top  with  coarse  clinkers  rejected  by  a 
3-4  in.  sieve.  The  medium  or  second  contact  beds  arc  54  ft,  x  35  ft. 
6  in.,  filled  with  clinkers  rejected  by  a  |-in.  sieve.  The  fine  or  third 
contact  beds  are  58  ft.  x  35  ft.  6  in.,  filled  with  residue  from 
screened  bed  consisting  of  finely  powdered  clinkers  and  ashes.  The 
beds  have  a  fall  of  G  in.  and  are  drained  by  semi-circular  pipes,  5  in. 
in  diameter,  formed  of  concrete.  They  are  2  ft.  6  in.  apart  and  6 -in. 
sluice  valves  are  used.  The  liquid  capacity  of  the  coarse  beds  is 
20,000  gallons,  or  4G  per  cent,  of  the  total.  This  capacity  has  not 
been  decreased  since  the  beds  were  first  used  in  1898.  There  is  a 
po]iulation  of  about  4,200  now  connected  with  the  sewers,  and  about 
100,000  gallons  of  sewage  is  being  treated  daily. 
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The  operation  is  as  follows: — 

A  coarse  bed  is  filled  to  within  about  4  in.  or  6  in.  of  the  sur- 
face of  the  bed  material,  and  allowed  to  stand  full  about  two  hours, 
then  emptied  slowly,  talking  about  one  hour.  The  same  process  is 
employed  with  other  beds.  The  beds  are  allowed  one  week's  rest  in 
five.  The  coarse  beds  are  charged  by  shallow  bays  8  ft.  or  10  It. 
wide,  running  across  the  entire  width  of  the  bed,  and  sunk  about 
6  in.  below  the  level,  and  are  cleaned  by  skimming  the  surface  and 
lightly  turning  it  over,  after  a  week's  rest.  On  the  medium  beds 
the  sewage  is  distributed  by  12-in.  half  channel  pipes,  having  G-in. 
branches,  2  ft.  G  in.  apart.  The  spaces  for  drainage  at  the  bottom 
of  the  beds  are  filled  with  large  clinkers.  The  surface  of  the 
medium  beds  requires  no  attention,  but  the  surface  of  the  fine  beds 
requires  occasional  weeding.  Xo  particular  method  is  adopted  for 
distributing  the  sewage  on  the  fine  beds.  Tomatoes  are  grown  on 
the  coarse  beds. 

SUTTOX,   SURREY. 

This  town  was  one  of  the  first  to  adopt  the  bacterial  treatment 
of  sewage,  and  the  beds  have  now  been  in  use  four  3'ears,  with  very 
satisfactory  results.  The  population  of  Sutton  is  about  18,000,  and 
the  daily  flow  of  sewage  550,000  gallons.  The  sewage  was  formerly 
precipitated  with  lime,  and  the  precipitation  tanks  were  converted 
into  bacteria  beds  when  the  system  was  first  introduced.  These 
beds  are  55  ft.  x  35  ft.  and  3  ft.  6  in.  to  5  ft.  deep.  There  are 
now  seven  coarse  beds  and  five  fine  ones.  All  the  new  beds  are  built 
in  clay,  the  coarse  beds  being  125  ft.  x  45  ft.  and  150  ft.  x  135  ft., 
but  the  smaller  size  seems  to  be  preferred.  Fine  beds  are  used  for 
second  contact  and  are  160  ft.  x  30  ft.  and  170  ft.  x  30  ft.  The 
filtering  material  has  been  used  in  some  of  the  fine  beds  for  four 
years,  and  they  are  only  raked  over  in  summer  to  prevent  growth  of 
weeds.  The  fine  beds  are  ridged  and  furrowed,  and  the  material 
used  is  coke  breeze  and  burnt  ballast.  The  effluent  runs  into  a 
small  creek  and  is  very  satisfactory.  There  are  also  a  few  small 
septic  tanks  which  are  covered  with  galvanized  iron  sheeting.  The 
beds  take  1|  to  2  hours  to  fill,  care  being  taken  to  prevent  the  sew- 
age from  reaching  the  surface  of  the  becls.  the  flow  being  stopped 
as  soon  as  the  level  rises  to  within  a  few  inches  of  the  top. 
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111  1891  and  1893  the  original  works  were  constructed,  and 
designed  for  chemical  precipitation  and  broad  irrigation,  and  until 
1896  the  whole  of  the  sewage  was  treated  by  chemicals.  The 
effluent,  however,  was  not  such  as  to  satisfy  the  requirements  of  the 
conservators  of  the  Eiver  Thames.  There  was  also  considerable 
difficulty  in  getting  rid  of  the  sludge,  as  there  was  no  demand  for  it, 
and  in  1896,  at  the  suggestion  of  Mr.  Dibdin,  the  eminent  chemist, 
they  constructed  the  first  bacteria  beds  for  the  treatment  of  crude 
sewage  in  England. 

Mr.  Chambers  Smith,  borough  surveyor,  informed  me  that  the 
bacterial  treatment  was  much  cheaper  and  more  satisfactory  than 
the  old  system  of  chemical  precipitation. 

EXETER. 

The  first  septic  tank  installed  in  England  was  at  Exeter,  and 
was  constructed  by  Mr.  Cameron,  city  surveyor,  in  1896.  It  is  a 
small  plant  for  the  treatment  of  the  sewage  from  the  St.  Leonard's 
district,  the  population  being  about  1,500,  and  the  daily  flow  of 
sewage  90,000  gallons.  The  septic  tank  is  65  ft.  long  by  18  ft. 
wide  and  7  ft.  6  in.  deep.  There  are  five  filters,  one  being  held  in 
reserve.  These  liave  each  an  area  of  80  square  yards  and  a  depth 
of  5  ft.  Furnace  clinker  is  used  in  four  of  the  filters,  and  broken 
coke  in  the  other.  Xo  attendance  is  required,  the  flow  and  dis- 
charge being  controlled  by  an  automatic  arrangement.  The  material 
used  in  the  construction  of  the  tanks,  etc.,  is  concrete.  The  septic 
tank  has  not  been  cleaned  since  it  was  constructed;  the  effluent  is 
very  good.  A  new  plant  is  now  being  constructed  to  treat  the  whole 
sewage,  providing  for  a  population  of  about  55,000.  In  the  im- 
mediate vicinity  of  the  works  there  are  several  residences,  and  the 
writer  was  informed  that  no  complaints  have  been  made. 

BARRHEAD. 

The  population  of  Barrhead  is  10,000,  and  the  daily  flow  of 
sewage  is  from  350,000  to  400,000  gallons.  The  works  in  this 
town  were  constructed  by  the  Exeter  syndicate,  and  the  septic  tank 
and  one  contact  is  used.  There  are  four  septic  tanks,  100  ft.  x  18 
ft.  X  8  ft.;  two  settling  tanks  or  grit  chambers,  18  ft.  x  6  f t.  x  5  ft., 
and  also  eight  contact  beds,  5-1  ft.  x  54  ft.  x  4  ft.  deep,  the 
material  used  being  clinkers.     Tlie    beds    are    underdrained    with 
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agricultural  tile  drains  3  in.  to  2^  in.  in  diameter,  placed  2  ft.  apart, 
and  the  walls  are  composed  entirely  of  concrete.  The  time  occupied 
in  filling  the  *l3eds  is  1^  hours.  The  same  period  is  taken  to  empty 
the  beds,  and  the  sewage  is  allowed  to  stand  7  hours  The  cost  of 
the  works  was  $25,000.  Alternating  gear  is  used  to  control  the  flow 
and  discharge  from  the  pipes,  and  one  man  is  employed.  The 
eflluent  appeared  very  good,  and,  although  there  were  two  dairy 
farms  in  close  proximity,  there  have  been  no  complaints.  The 
works  have  been  in  operation  two  years. 

In  addition  to  the  above  places,  Manchester,  Sheffield  and  Leeds 
have  been  conducting  for  some  years  past  a  series  of  very  elaborate 
experiments,  and  Manchester  is  so  satisfied  with  these  that  the  city 
is  now  engaged  in  constructing  works  consisting  of  septic  tanks 
and  bacteria  beds,  for  the  treatment  of  all  the  sewage  of  the  city. 

The  writer  is  especially  indebted  to  ]\rr.  Gilbert  J.  Fowler, 
Superintendent  and  Chemist  in  charge  of  the  ]\Ianchester  Corpora- 
tion Sewage  Works,  for  a  great  deal  of  the  information  contained 
in  this  paper. 

Toronto,  January  15th,  1902. 


UNDERPINNING    THE    'WEST    WALL.    OF    THE    STOKES    BUILD- 
ING,   49    CEDAR    STREET,    NEW    YORK    CITY. 

T.  Kennard  Thomson,  C.E.,  M.  Am.  Soc.  C.  E. 


In  February,  1900,  the  Mutual  Life  Assurance  Company  awarded 
.a  contract  for  the  foundations  of  their  new  building  on  Cedar  and 
Liberty  streets  to  Arthur  McMuIlen  &  Co.  This  contract  involved 
making  four  stories  below  the  street  level  and  placing  the  cellar 
floor  35  feet  below  the  water  level,  which,  of  course,  necessitated 
supporting  the  adjacent  walls,  as  the  foundations  of  the  new  building 
were  to  be  from  60  to  80  feet  below  the  foundations  of  the  adjoin- 
ing walls,  which  were  resting  on  quicksand  near  the  surface  of  the 
standing  water.  Much  of  this  was  described  and  illustrated  by  the 
writer  in  the  Engineering  ISTews  of  March  28th,  1901,  but  the  under- 
pinning of  the  Stokes  Building  was  only  slightly  described  in  that 
publication.  Owing  to  the  fact  that  this  wall  was  very  badly  con- 
structed it  caused  a  good  deal  of  worry  until  it  was  safely  under- 
pinned. The  New  York  Building  Law,  although  full  of  many 
absurdities,  is  very  explicit  in  one  respect  where  it  states  that  the 
owners  of  adjacent  buildings  must  give  the  contractors  free  access 
to  their  property  in  order  to  protect  the  same  from  damage,  or  else 
take  the  responsibility  of  making  their  building  secure  themselves 
while  the  foundations  for  the  new  buildings  alongside  are  being  put 
in  at  a  lower  level.  But  in  spite  of  this  law  the  Stokes  people  caused 
;ii  good  deal  of  delay  to  us  before  giving  us  access  to  their  property, 
with  the  result  that  it  was  the  middle  of  June  before  work  was 
stjLrted  on  this  unique  wall.  It  might  bo  termed  a  combination 
wall,  inasmuch  as  the  Cedar  street  corner  had  no  iron  columns, 
"but  consisted  of  a  good  brick  pier  for  the  whole  twelve  stories.  The 
northerly  corner  had  a  heavy  cast  iron  column  24  x  28  inches,  with 
1  3-4  inch  metal  in  the  basement,  first  and  second  stories,  above 
which  was  brick  work  alone.  Between  the  two  comers  were  three 
cast  iron  columns  16  x  15  inches,  li  inch  metal  for  the  first  five 
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floors  with  an  8  inch  brick  wail,  and  above  the  iifrth  floor  was 
nothing  but  a  12  inch  brick  wall.  The  four  columns  rested  on 
good  granite  caps  supported  by  good  brick  piers,  which  were  vertical 
on  the  outside  of  the  Stokes  wall,  but  stepped  off  on  the  other  three 
sides,  making  a  broad  base,  but  eccentrically  loaded.  These  granite- 
caps  had  been  very  badly  set  and  were  all  cracked  through  the 
middle  when  first  loaded.  In  fact  the  entire  wall  seemed  to  be  as 
flimsy  and  disconnected  as  possible,  and  before  sinking  any  caissoi^s 
for  underpinning  purposes  it  was  absolutely  necessary  to  bind  the 
various  parts  together  so  that  jacking  against  one  portion  of  the 
building  would  not  break  it  in  two,  and  the  only  possible  way  to  do- 
this  was  by  means  of  plate  girders  from  one  end  of  the  building  to 
the  other.  As  the  three  centre  columns  rested  eccentrically  on  the 
edge  of  their  brick  piers,  it  was  not  safe  to  undermine  these  piers  to- 
place  the  girders  below  the  granite  caps,  nor  was  there  room  to  place 
the  girders  between  the  bases  and  the  street  floor,  and  the  only  place 
left  was  just  above  this  floor.  It  was  therefore  decided  to  use  C> 
feet  deep  plate  girders,  one  on  each  side  of  the  columns,  with  the 
bottom  flange  about  the  level  of  the  ground  floor.  As  it  was  not 
d  oirable  to  run  this  girder  outside  of  the  building  line  above  the 
sidewalk,  the  plan  of  supporting  the  corner  brick  pier  by  inde- 
pendent girders  18  feet  long  was  adopted,  leaving  4  feet  between  the 
top  of  girder  A  and  the  bottom  of  girder  B,  girder  B  lapping  over 
girder  A  about  3  feet,  which  permitted  girders  A  and  B  being  con- 
nected ]yy  a  heavy  column  consisting  of  four  15  inch,  60  pound 
channels,  J6  feet  long.  The  girders  A  and  B  were  eacli  15  inches 
back  to  back  of  web  plates,  which  were  drawn  up  close  against  the 
sides  of  the  15  x  16  inch  columns.  As  the  corner  column  was  24 
inches  wide,  and  not  on  the  same  centre  line  as  the  15  inch  columns, 
it  was  decided  to  splice  the  6  foot  girders  about  half  way  between 
the  corner  columns  and  the  first  15  inch  column,  making  an  offset 
of  3  7-16  inches  on  the  inside  of  the  building  and  5  3-4  inches  on 
th)  outside,  which  was  done  by  using  6x6  inch  angles.  (See  Fig.  1.) 
The  corner  column  was  so  excessively  large  that  all  the  holes 
we  wanted  to  drill  in  it  could  not  affect  the  safe  strength,  so  63  bolt 
holes  for  one  inch  bolts  were  drilled  through  the  column  and  both 
girders  without  reinforcing  the  column  in  any  way.  But  the 
owners  of  the  Stokes  building  were  afraid  to  trust  the  other  three 
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columns  unless  they  were  reinforced,  so  four  6  x6  x  5-8  inch  angles 
12  feet  long  were  bolted  on  each  side  of  these  columns,  having  the 
bottom  of  the  angles  flush  with  the  bottom  of  the  girders  and  stand- 
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ing  up  6  feet  above  the  girders.  Twenty-five  1  inch  bolts  connected 
each  pair  of  these  angles  of  the  columns,  leaving  about  three  feet  of 
blank  angle  above  the  top  bolt;  this  was  the  only  modification  in  our 
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plans  made  by  the  Stokes  people  and  was  made  so  as  to  permit 
clamping  the  four  angles  to  the  column,  thus  reinforcing  the  sec- 
tion before  getting  down  to  the  bolt  holes.  Twenty-one  short  bolts 
connected  each  of  these  angles  to  the  girders,  which  had  in  addition 
seventeen  long  bolts  through  both  girders  and  column.  These  girders 
had  72  x  3-4  inch  web  plates,  one  6  x  6  x  3-4  inch  flange  angle  top 
and  bottom  throughout,  with  base  plates  where  required.  The  flange 
angles  were  of  course  turned  out.  All  long  bolts  were  nominally 
1  inch  in  diameter,  having  one  end  upset  to  1  1-33  inch  and  the 
other  end  to  1  3-64  inch  for  a  length  of  2|  inches,  the  middle  of 
the  bar  remaining  one  inch  in  diameter,  the  screw  for  the  nut 
end  being  slightly  smaller  to  prevent  injury  in  driving.  This  design 
of  bolt  permitted  tight  driving  through  both  girders  and  both  sides 
of  the  column.  The  12  foot  angles  were  made  in  pairs  with  one 
angle  punched  in  the  shop  and  the  other  left  blank,  so  that  when  one 
was  in  place  the  holes  were  drilled  clear  through  the  column,  then 
its  mate  was.  put  in  place  and  the  holes  centre  punched,  the  angle 
was  then  taken  down  and  drilled,  after  which  the  pair  of  angles  were 
put  in  position  and  the  holes  reamed  out.  These  bolts  were  driven 
just  as  hard  as  it  was  considered  safe  to  drive  without  running  a 
risk  of  splitting  the  columns  with  a  line  of  bolts  as  wedges.  Thi«i 
operation  would  have  been  tedious,  the  bolts  going  through  the 
girders  and  column,  so  a  frame  was  rigged  up  to  permit  drilling  the 
holes  from  each  side  of  the  column,  which,  of  course,  did  not  give 
holes  in  absolutely  true  line  through  both  sides  of  the  column  and 
girder,  but  it  was  found  that  all  that  was  necessary  was  to  shove  a 
bolt  through  from  one  side  and  see  how  far  the  hole  on  the  other 
side  of  the  column  was  of?  centre,  and  then  give  the  bolt  a  slight  tap 
on  a  log  of  wood,  and  with  a  little  practice  the  men  were  able  to 
bend  the  bolts  to  the  exact  amount  required.  Each  bolt  was  put 
in  a  lathe,  pneumatic,  and  each  end  was  filed  down  until  both  ends 
■of  the  bolt  had  a  good  hard  driving  fit  for  its  hole. 

The  first  intention  was  to  sink  heavy  cylinders  between  the 
columns  of  the  old  building  and  carry  the  old  columns  entirely  on 
the  girders,  but  when  the  Stokes  people  raised  objections  to  leaving 
the  girders  in  permanently,  claiming  that  because  the  top  fiange 
would  extend  4  inches  into  their  room  and  decrease  the  rental  value 
thereof,  it  was  resolved  to  put  down  the  caissons  between  the  col- 
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umns  first  and  carry  the  columns  by  means  of  these  caissons  and  the 
girders,  and  then  undermine  the  columns  themselves  by  new  or 
additional  caissons,  which  of  course  would  take  the  strain  off  of  the 
girders  and  intermediate  cylinders.  Before  any  work  was  done  on 
the  building  a  partition  was  placed  about  3  feet  from  the  wall  on 
the  inside  of  the  Stokes  building,  so  that  the  tenants  would  not  be 
disturbed  in  any  way  by  the  operations  on  the  wall.  This  partition 
was  made  of  boards  and  studs  with  4  inch  terra  cotta  blocks  behind, 
and  was  then  papered.  Coming  to  an  understanding  with  the 
Stokes  people,  and  putting  in  the  partition  and  girders  B  and  C  took 
time,  so  that  it  was  July  21st  before  any  caissons  could  be  put 
directly  under  the  wall.  In  the  meantime,  however,  a  trestle  had 
been  built  at  the  north  end  of  the  wall,  to  hold  100  tons  of  pig  iron 
to  resist  the  jacks  used  to  enforce  cylinder  Xo.  9  down,  as  this  cylinder 
came  entirely  beyond  the  building  and  formed  half  of  the  temporary 
support  for  the  end  column,  for  although  this  cylinder  was  directly 
under  the  end  of  girder  C,  it  was  not  considered  safe  to  jack  against 
the  girder  for  fear  of  putting  bending  strains  in  the  end  column, 
which  as  already  stated,  was  of  cast  iron,  and  ran  up  only  two  stories. 
Cylinder  Xo.  9,  the  first  eight  being  under  another  wall,  was  jacked 
down  to  rock  under  this  platform  through  36  feet  of  quicksand,  12 
feet  of  hardpan,  and  then  through  9  feet  of  fine  sand  and  decom- 
posed mica.  The  jacking  started  on  July  9th,  and  the  cylinder  was 
filled  with  concrete  on  July  20th,  or  in  11  working  days.  As  this 
caisson  was  intended  to  be  used  only  until  the  new  cellar  was  com- 
pleted, a  temporary  support  was  quickly  made  to  go  between  the 
cylinder  and  girder  C,  by  taking  four  20  inch  I-beams,  weighing  65 
pounds  per  foot,  and  10  feet  7  3-8  inches  long,  and  bolting  them 
together  in  pairs  with  two  8  x.lO  inch  timbers  for  separators.  Under 
and  also  over  this  post  were  four  15  inch  I-beams  weighing  60  pounds 
per  foot  and  3  feet  long,  to  distribute  the  strain  from  the  girders 
above  and  to  the  cylinder  below.  Between  the  post  and  the  upper 
I-beams  were  two  8  x  H  x  20  inch  plates  over  each  of  the  four 
vertical  beams,  with  four  steel  wedges  the  same  size  as  used  on  the 
previous  cylinders,  each  wedge  being  2|  inches  wide,  |  inch  thick 
at  one  end,  and  1  inch  at  the  other  end,  and  18  inches  long,  and 
of  course  planed  on  top  and  bottom.  These  16  wedges  were  driven 
until  the  girders  were  slightly  deflected  upwards.  The  pig  iron 
was  then  transferred  to  a  similar  trestle  built  under  the  curb  to  jack 
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down  cylindrical  caisson  'No.  11,  which  was  started  on  Juh'  2l5t  and 
finished  August  9th.  By  this  time  the  Stokes  people  had  decided 
that  our  girders  B  and  C  would  have  to  be  removed  before  we  left 
the  job;  so  it  was  resolved  to  stop  three  cylinders  that  did  not  come 
directly  under  any  old  column  near  the  top  of  the  hardpan  instead 
of  carrying  them  to  rock  like  the  other  seven.  This  kicking  by 
their  neighbours  however  saved  the  Mutual  Life  Company  quite  a 
little  expense  and  time;  for  instance,  cylinder  Xo.  10,  which  was 
started  the  same  day  as  No.  11,  was  completed  on  August  26th,  or 
in  six  working  days,  as  against  ten,  ISTo.  11  being  delayed  a  couple  of 
days  waiting  for  cast  iron  cylinders,  although  we  had  two  different 
shops  at  work  on  these  cylinders  since  early  in  April. 

The  cylinders  were  the  same  as  those  used  under  the  Mutual 
Life  Building  on  Cedar  street,  being  3  feet  outside  diameter  and  33 
inches  inside  diameter.  The  details  of  these  cylinders,  with  their 
steel  cutting  edge,  diaphragm  caps,  etc.,  are  fully  described  in 
the  Engineering  News  of  March  28th,  1901.  Cylinder  No. 
9,  however,  had  three  diaphragms,  4  feet,  9  feet,  and  19  feet 
from  the  cutting  edge,  as  there  was  not  sufficient  head  room 
to  jack  down  9  ft.  of  cylinder  before  striking  water  and  necessitating 
the  use  of  compresed  air.  Cylinder  No.  10  went  through  40  feet 
of  quicksand  and  3^  feet  into  the  hardpan  to  get  a  good  bearing. 
Cylinder  No.  11  passed  through  35  feet  of  quicksand,  13  feet  4  inches 
of  hardpan  and  7  feet  of  fine  material  under  the  hardpan,  landing  on 
bed  rock.  Cylinder  No.  12,  commencing  on  July  31st,  sank  through 
35  feet  of  quicksand  and  2  feet  7  inches  of  hardpan,  being  concreted 
on  August  4th  and  5th.  Cylinder  No.  13  penetrated  32  feet  of 
quicksand  and  3  feet  4  inches  of  hardpan,  taking  from  August  7th 
to  August  15th.  Cylinder  No.  10,  had  five  15  inch  at  60  pound 
I-beams  3  feet  6  inches  long  on  top  of  the  cap,  and  four  vertical 
beams,  the  same  as  for  the  first  eight  cylinders,  under  the  opposite 
wall,  but  these  were  Avedged  directly  under  the  webs  of  the  girders. 
On  cylinders  Nos.  12  and  13,  the  distance  from  the  cap  to  the  girders 
being  shorter,  the  horizontal  beams  were  omitted. 

The  entire  wall,  with  the  exception  of  the  Cedar  Street  corner, 
now  being  carried  by  the  girders  B  and  C,  it  was  safe  to  commence 
undermining  the  four  cast-iron  columns.  The  brick  piers  and  3^ 
feet  of  concrete  were  very  hard  and  slow  to  remove,  even  with  the 
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aid  of  a  gadder  drill,  so  that  it  was  August  22ud  before  the  sinking 
of  cylinder  No.  14  commenced,  where  the  material  was  found  to  be 
33  feet  of  quicksand,  15  feet  of  hardpan,  and  then  10^  feet  of  fine 
sand  and  boulders.  This  cylinder  was  completed  on  September  5tR. 
Five  15  inch  GO  pound  beams  were  placed  under  the  granite  caps, 
and  the  wedges  driven  between  the  beams  and  the  cast  iron  cap 
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Tintil  the  column  and  granite  cap  above  were  lifted  a  hair's  width. 
Cylinder  No.  15,  commencing  on  August  26th,  passed  through  30 
feet  of  quicksand,  17  feet  of  hardpan,  and  12  feet  of  fine  material 
under  the  hardpan,  and  was  filled  on  September  4th;  the  wedging, 
etc.,  being  simihir  to  No.  14.  Cylinder  No.  16  is  directly  under 
the  corner  column,  and  while  the  shoe  and  bottom  section  of  the 
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old  column  were  being  removed,  thus  transferring  the  entire  weight 
of  this  corner  of  the  building  from  the  old  base  to  the  new  girders, 
a  Y  level  was  kept  sighted  on  the  girders  from  a  secure  position  on 
the  opposite  side  of  Liberty  Street,  and  at  no  time  did  the  weight 
of  the  building  cause  the  slightest  deflection  in  these  girders,  C, 
showing  that  the  wedging  had  been  sufficient  to  overcome  any  ten- 
dency to  deflect.  Cylinder  No.  17,  which  supports  one  end  of  girders 
A  and  B,  and  consequently  is  half  the  support  for  the  Cedar  Street 
corner  brick  column,  was  held  back  until  September  8th,  until  access 
could  be  had  to  the  place,  and  was  landed  on  rock  on  September 
25th,  the  hardpan  being  14  feet  thick  and  9  feet  above  the  rock. 

As  soon  as  No.  17  was  filled  and  capped,  girders  A  were  put  in 
place.  The  erection  of  these  two  girders  caused  more  worry  and 
anxiety  than  any  other  part  of  the  work,  for  this  corner  consisted 
of  a  brick  pier,  or  rather  column,  5  feet  x  6  feet  and  twelve  stories 
high,  and  to  cut  a  notch  in  one  side  of  this  column  near  the  b(fttom 
7  feet  high,  and  about  20  inches  into  the  pier,  or,  in  other  words, 
cutting  off  about  20  inches  out  of  60  inches  to  place  the  girders  A 
in,  was  cutting  a  big  slice.  Before  making  this  cut  four  12  x  12 
inch  inclined  shores  of  timber  were  placed  side  by  side,  with  their 
tops  braced  against  the  floor  of  the  second  story  and  the  bottoms 
firmly  secured  about  the  level  of  Cedar  Street.  (See  Fig.  2.)  A 
similar  strut  of  four  timbers  was  placed  on  the  lot  side  of  the  corner. 
Then  seven  inches  of  the  20  inches  were  stripped  off  the  side  of  the 
brick  column  and  three  15  inch  beams  6  feet  6  inches  long  and 
weighing  60  pounds  were  put  in  place  and  wedged  up  while  the  re- 
maining 13  inches  were  being  cut  out,  and  when  this  was  done  two  of 
the  beams  were  removed  and  the  inside  girder  A  was  put  in  place  and 
temporarily  wedged  up,  when  the  third  strut  was  removed  and  the 
outside  girder  A  was  quickly  slid  in  place  and  levelled  up,  and  then 
tlie  two  base  plates  and  the  cover  plates  were  quickly  bolted  up.  One 
fact  which  relieved  a  good  deal  of  anxiety  about  this  corner,  was 
the  fact  that  a  few  inches  above  the  girder  Avas  a  good  granite  cap 
18  inches  thick,  extending  under  the  whole  corner,  which  greatly 
reduced  the  risk  of  the  brick  work  above  cracking.  As  the  vertical 
space  to  this  cap  was  only  6  3-8  inches,  it  was  decided  to  use  fifteen 
4  inch  rails  weighing  60  pounds  per  yard,  cut  in  2  foot  lengths  and 
placed  side  by  side.     A  filler  3  inches  x  5-8  inch  x  5  feet  was  placed 
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over  each  web  so  that  the  rails  would  not  foul  the  heads  of  the  cover 
plate  bolts.  The  rails  were  of  course  placed  at  right  angles  to  the 
girders,  and  over  each  rail  were  driven  two  pairs  of  wedges,  the 
upper  wedge  bearing  directly  against  the  18  inch  granite  cap.  Each 
v,-edge  was  2^  inches  wide  x  12  inches  long  x  7-8  inch  thick  at  one 
end  and  1-8  inch  at  the  other.  An  assortment  of  shims  1-16,  1-8 
and  1-4  inch  thick,  were  used  for  evening  up.  The  wedges  were 
driven  hard,  and  then  all  the  interstices  between  the  rails  were  filled 
up  and  the  most  treacherous  part  of  the  underpinning  was  com- 
pleted. The  next  operation  was  the  connection  of  girders  A  and 
B,  which  M^as  designed  to  carry  either  tension  or  compression:  ten- 
sion when  the  jacks  were  being  used  on  cylinder  No.  18,  to  avoid 
any  danger  of  bending  the  super-imposed  old  column,  and  compres- 
sion to  carry  the  same  column  when  the  jacks  had  been  removed. 
Both  girders  were  placed  15  inches  back  to  back  of  web  plates,  and 
the  strut  was  made  by  bolting  four  15  inch  channels  16  feet  long 
to  the  webs  of  girders  A  and  B,  the  channels  being  coupled  by 
several  12  inch  tie  plates.  The  girders  proved  rigid  enough  to  with- 
stand the  application  of  two  125  ton  jacks  without  deflection. 

The  entire  western  wall  of  the  Stokes  building  being  now 
secured,  the  last  cylinder,  No.  18,  was  sunk  to  support  the  column 
after  the  girders  should  be  removed.  This  cylinder  was  started  on 
October  13th  and  completed  11  days  later.  There  we  had  10  feet  of 
fine  stuff  under  10  feet  of  hardpan  and  35  feet  of  quicksand  on  top. 
The  entire  wall  was  thus  wedged  off  its  original  supports.  One  cause 
of  worry  was  the  poor  connections  of  the  old  iron  work ;  for  instance, 
the  floor  at  one  place  was  carried  to  the  column  by  two  20  inch  I 
beams ;  but  the  only  connections  between  the  beams  and  the  column 
were  two  3-4  inch  bolts  for  each  beam.  It  is  true  that  brackets  had 
been  placed  on  the  columns  under  the  beams,  but  through  some  mis- 
take in  the  shop  they  were  placed  3-4  of  an  inch  loo  low  to  do  any 
good.  Several  months  after  the  work  on  this  wall  was  completed, 
these  3-4  inch  bolts  were  sheared  off,  allowing  the  20  inch  beams 
to  drop  on  the  shelf  brackets.  It  is  probable  that  as  the  ends  of 
these  girders  were  exposed  to  the  winter  weather,  that  the  expansion 
and  contraction  had  snapped  the  already  overstrained  bolts.  "VMien 
all  the  joints  exposed  to  view  showed  such  a  bad  state  of  affairs,  it 
left  considerable  doubt  as  to  what  the  remaining  joints  in  the  Huild- 
ing  were  like,  and  therefore  it  was  not  considered  advisable  to  remove 
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the  girders  B  and  C  until  the  iron  work  of  the  new  building  was 
■erected.  It  would  of  course  have  been  vastly  better  to  have  left 
both  girders  in  permanently,  but  the  Stokes  people  demanded  $10,000 
if  the  inside  girder  was  left  in,  although  they  would  have  had  a  much 
safer  building  at  no  cost  to  themselves.  Eventually  we  removed  the 
€0ver-plates  and  flange  angles  of  the  inside  girder,  leaving  both 
web  plates  in  place. 

In  this  building,  as  before,  when  the  concrete  was  put  in  the 
air  chamber  to  the  level -of  the  lower  door  when  hanging  open,  the 
air  was  left  on  for  twenty-four  hours  with  a  gaugeman  to  watch  the 
indicator,  but  one  Sunday  night  the  man  must  have  went  to  sleep  and 
allowed  the  air  pressure  to  increase  probably  to  the  pressure  in  the 
receiver,  about  40  pounds  per  square  inch,  instead  of  keeping  it  down 
to  about  20  pounds.  The  result  was  that  the  air  forced  its  way 
through  the  6  feet  of  hard  concrete,  bubbled  up  around  the  cjdinder 
and  raised  the  surrounding  sand  a  foot,  allowing  two  feet  of  sand  to 
How  over  into  the  cylinder.  This  and  several  other  incidents  proved 
the  utter  unreliability  of  labouring  men  for  gaugemen.  Four  hy- 
draulic jacks  were  used  on  this  Job,  two  of  60  tons  capacity  and  two 
of  125  tons  each.  These  jacks  required  a  good  deal  of  repairing. 
Sometimes  one  jack  was  used  on  a  cylinder  and  sometimes  two 
together. 


CONCRETE    CULVERTS. 


A.  W.  Campbell. 


A  great  many  townships  throughout  the  Province  have  largely 
discarded  timber  as  a  material  for  small  culverts  and  sluiceways. 
Cedar  where  obtainable  has  been  most  commonly  used,  but  all 
varieties  of  suitable  lumber  are  becoming  scarce,  the  price  is  con- 
stantly increasing,  and  the  quality  now  available  is  far  from  being 
equal  to  that  of  former  years. 

Those  municipalities  which  havfe  experimented  with  vitrified 
and  concrete  tile,  have,  with  ver}'  few  exceptions,  been  favourably 
impressed  with  the  new  materials.  Failure  and  some  dissatisfaction 
are  occasionally  reported,  but  this  in  every  case  can  be  traced  to 
causes  not  in  any  sense  condemnatory  of  the  new  materials.  Where 
any  kind  of  tile  is  used  there  are  certain  reciuirements  which  must 
be  observed.  In  the  first  instance  the  tile  must  be  of  good  equality 
It  is  just  as  necessan'  to  use  good  tile  in  culverts  as  in  sewers; 
where  "  culled "  tile  are  used,  failure  is  almost  of  necessity  the 
result.  These  tile  must  be  perfectly  sound  and  straight,  not 
warped  or  mis-shaped  in  any  way,  otherwise  good  joints  cannot  be 
made,  water  will  lie  in  hollow  places,  and  culverts  are  apt  to 
wash  out. 

Excellent  culvert  pipe  of  concrete  can  be  manufactured  cheaply 
in  any  gravel  pit  under  the  immediate  direction  of  the  road  over- 
^eer.  The  pipes  are  from  two  to  four  inches  in  thickness,  accord- 
ing to  diameter;  which  latter  may  safely  and  conveniently  reach 
three  feet,  in  lengths  of  two  and  one  half  feet. 

The  implements  required  are  of  the  simplest  kind.  The  most 
important  are  two  steel  spring-cylinders,  one  to  sit  inside  the  other, 
leaving  a  space  between  the  two  equal  to  the  thickness  of  the  fin- 
ished concrete  pipe.     By  "spring-cylinder''  it  may  be  explained  is 
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meant  such  a  cylinder  as  would  be  formed  by  rolling  a  steel  plate 
into  a  tube  without  sealing  the  joint.  With  the  smaller  of  these 
cylinders  the  edges  overlap  or  coil  slightly;  but  are  so  manufactured 
that  the  edges  may  be  forced  back  and  set  into  a  perfect  cylinder. 
Accompanying  these  moulds  are  bottom  and  top  rings,  which  shape 
the  bell  and  spigot  ends  of  the  pipe. 

The  two  cylinders  with  joints  flush  are  set  on  end,  the  one 
centrally  inside  the  other  and  on  the  bottom  ring,  which  in  turn 
rests  on  a  firm  board  base.  The  concrete,  made  of  first-class  cement 
and  well-screened  gravel  in  the  proportion  of  one  of  cement  to  three 
of  gravel,  is  then  tamped  firmly  but  lightly  into  the  space  or  mould 
between  the  two  cylinders.  The  tamping-iron  used  to  press  the 
concrete  into  place  is  so  shaped  as  to  fit  closely  to  the  cylinders. 

The  concrete  is  allowed  to  stand  in  the  mould  for  a  short  time, 
when  the  cylinders  are  removed;  the  outer  and  larger  cylinder  by 
inserting  an  iron  wedge  into  the  joint  and  forcing  the  edges  apart; 
the  inner  cylinder,  by  inserting  the  wedge  into  the  joint  and  turn- 
ing the  edges,  so  as  to  allow  them  to  again  overlap,  returning  to  the 
shape  of  a  coil.  The  outer  cylinder  having  thus  been  made  larger 
and  the  inner  one  smaller,  they  can  readily  be  taken  away,  and  the 
concrete  pipe  is  then  left  until  thoroughly  hardened. 

Just  such  a  number  of  pipe  as  are  actually  required  for  the 
season's  work  need  be  manufactured;  the  implements  required  are 
inexpensive,  and  the  pipe  may  be  made  by  the  municipality  for 
actual  cost,  which,  after  a  little  experience,  can  be  reduced  to  a  very 
small  amount. 

If  cement  concrete  pipe  are  employed,  they  must  be  of  first- 
class  quality.  They  must  be  well  shaped,  as  with  sewer  pipe,  and  ail 
the  rules  for  making  a  good  concrete  must  be  observed — that  is,  the 
material  composing  the  concrete  (cement,  sand  and  stone)  must  be 
of  good  quality,  and  properly  mixed.  The  making  of  good  con- 
crete is  not  a  difficult  matter,  but  it  is  sometimes  difficult  to  find 
men  who  will  follow  directions.  Dirty  sand  or  gravel,  too  much 
water,  careless  and  insufficient  mixing,  neglect  to  see  that  the 
materials  are  used  in  the  right  proportions,  are  the  defects  most 
commonly  found.  Concrete  cannot  be  mixed  like  common  mortar, 
and  an  attempt  to  do  so  is  far  too  often  made.  It  is  affirmed  by 
cement   manufacturers   that   masons   are   the   greatest   offenders   in 
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ibis  respect;  that  it  is  almost  impossible  to  get  them  to  follow  any 
system  otber  tban  tbat  to  wbicb  tbey  bave  been  accustomed  in  tbe 
use  of  common  lime;  and  that  therefore  an  entirely  inexperienced 
but  practical  man,  who  will  follow  directions,  will  often  make  the 
best  concrete. 

To  meet  with  success  in  the  use  of  tile  culverts  they  must  "be 
put  in  place  properly.  They  should  be  laid  with  a  good  fall  on  a 
regular  grade  to  a  free  outlet,  in  such  a  w'ay  that  water  will  not 
stand  in  them.  The  tile  should  be  laid  with  the  spigot  end  down 
grade,  and  the  joints  made  tight  with  cement  mortar.  If  the  Joints 
are  open  water  will  work  its  way  along  the  outside  of  the  culvert,  and 
finally  make  a  considerable  channel  which  will  allow  the  culvert  to 
get  out  of  line  and  finally  result  in  a  "  cave-in."  To  prevent  the 
water  finding  its  way  along  the  outside  of  the  pipe,  it  is  advisable 
to  protect  the  ends  with  concrete,  stone  or  brick  head  walls. 
Care  should  be  taken  to  excavate  a  concave  bed  for  the  pipe, 
with  depressions  for  the  bell  of  the  pipe  to  rest  in,  thus  securing 
an  even  bearing,  without  which  a  heavy  load  passing  over  before  me 
culvert  has  properly  settled  into  place,  may  burst  the  tile.  Tile 
cannot  be  used  in  very  shallow  culverts,  but  must  have  a  sujfficient 
depth  of  earth  over  them,  to  protect  them  from  the  direct  pressure 
of  heavy  loads.  The  depth  of  covering  necessary  increases  with 
the  size  of  the  pipe.  At  least  a  foot  of  earth  over  the  top  is  advis- 
able in  every  case,  but  for  culverts  of  two  feet  in  diameter,  or 
over,    this     should     De     increased     to     at    least     eighteen     inches. 

The  earth  should  be  well  packed  and  rammed  around  the  tile 
to  secure  a  firm  bearing,  and  light  soils  should  not  be  used  immeai- 
ately  over  or  around  the  culvert.  A  heav}-  clay,  a  firm  gravel,  or 
a  compact, sand  or  gravel  will  answer,  but  vegetable  mould,  water 
sand,  and  light  loams  are  subject  to  wash-outs.  At  the 
outlet  the  culvert  should  be  set  nearly  flush  with  the 
surface  of  the  ground.  If  set  higher  than  the  surface,  the  fall  of 
water  will  wash  out  a  depression,  and  in  time  will  undermine  the 
end  of  the  culvert.  A  too  rapid  grade  will  have  the  same  effect, 
and  it  is  well  to  cobble-pave  an  outlet  where  this  undermining 
action  is  likely  to  occur. 

Culverts,  in  many  townships,  are  very  numerous,  and  neces- 
sarily so.     "Water  should  be  disposed  of  in  small  quantities,  along 
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natural  watercourses,  otherwise  if  gathered  in  large  bodies  along 
the  roadside,  it  gathers  force  and  headway,  resulting  in  extensive 
wash-outs,  and  is  in  every  way  more  costly  to  handle.  "Water 
should  be  taken  away  from  the  roads  as  quickly  as  possible,  for  it  is 
excess  water  that  is  the  great  destroyer  of  roads. 

Culverts,  in  addition  to  being  a  matter  of  considerable  expense 
to  municipalities,  are  too  often  in  a  bad  state  'of  repair,  sometimes 
dangerous,  and  when  not  level  with  the  roadway,  are  an  annoyance 
and  interruption  to  traffic.  Good  roadmaking  is  largely  a  matter 
of  good  drainage,  and  culverts  are  a  detail  of  drainage  upon  which 
municipal  councils  should  bestow  a  good  deal  of  attention,  \nth  a 
view  to  a  greater  permanency,  increased  efficiencv,  and  a  reduction 
of  cost. 

The  concrete  arch  culvert  is,  in  a  number  of  municipalities, 
replacing  the  old  form  of  timber  structure.  Greater  in  first  cost, 
the  concrete  culvert,  if  rightly  constructed,  is  a  permanent  saving 
in  road  expenditure.  The  greater  portion  of  the  annual  road  appro- 
priation is,  in  many  townships,  spent  in  repairing  and  re-building 
wooden  culverts  and  sluiceways.  The  life  of  timber  in  this  work 
is  very  short.  AVooden  culverts  are  quickly  upheaved  by  frost, 
warped  by  the  sun,  and  decayed  by  penetration  of  moisture.  Wher- 
ever concrete  culverts  have  been  fairly  tested  they  give  satisfac- 
tion, and  their  general  use  by  a  towTiship  will  mean,  in  the  course 
of  a  few  years,  a  marked  reduction  in  this  branch  of  roadwork. 

The  stone  arch  is  designed  on  the  principle  that  it  will  remain 
in  place  without  the  use  of  mortar.  The  concrete  arch,  on  the 
other  hand,  is  a  monolith,  dependent  upon  its  cohesive  strengtli. 
That  the  concrete  arch  is  dependent  upon  cohesive  strength  points 
to  the  necessity,  in  construction,  of  a  generous  proportion  of  cement, 
very  great  care  in  mixing  the  concrete,  and  a  good  quality  of  all 
materials  employed. 

A  concrete  can  best  be  regarded  as  a  mixture  of  mortar  and 
broken  stone,  the  mortar  being  formed  from  a  mixture  of  sand  and 
cement.  Given  a  sample  of  broken  stone  in  a  vessel,  the  requisue 
quantity  of  mortar  can  be  gauged  by  pouring  water  into  the  vessel 
until  the  stone  is  submerged.  The  quantity  of  water  used  will 
indicate  the  amount  of  mortar  required  to  completely  fill  the  voids 
in  the  stone.     The  proportionate  amount  of  cement  needed  to  till 
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The  voids  in  the  sand  can  he  gauged  in  the  same  way.  The  pro- 
portions of  cement,  sand  and  broken  stone  obtained  in  this  way 
would  provide,  with  perfect  mixing,  a  mortar  in  which  the  voids 
in  the  sand  are  filled  with  cement  and  each  particle  of  sand  is 
coated  with  cement;  it  would  provide  a  concrete  in  which  the 
interstices  of  the  stone  are  filled  with  this  mortar,  and  each  stone 
.coated  with  mortar.  This  would  be  the  case  with  perfect  mixing, 
and  would  provide  a  theoretically  perfect  concrete.  Perfect  mixing 
is  not  possible,  however,  and  it  is  necessary  to  provide  an  amount 
of  cement  in  excess  of  the  voids  in  the  sand,  and  an  amount  of 
mortar  in  excess  of  the  voids  in  the  stone. 

AVith  proper  mixing  and  good  materials,  a  satisfactory  concrete 
for  bridge  abutments  can  be  formed  from  cement  and  broken  stone, 
in  the  proportions  of  one,  three  and  six.  It  is  recognized  that  the 
greatest  strength  in  concrete  can  be  obtained  by  making  the  mortar 
rich  in  cement,  rather  than  by  lessening  the  quantity  of  stone,  but 
beyond  providing  for  a  strong  adhesion  of  mortar  and  stone,  little 
"is  gained  by  making  the  mortar  materially  stronger  than  the  stone. 
The  foregoing  applies  to  crushing  strength,  however,  rather  more 
than  to  the  tensile  strength  required  to  some  extent  in  the  arch. 
For  the  arch  proper,  it  will  be  well  to  use  a  richer  concrete,  in,  say, 
the  proportion,s  of  one  of  cement,  two  of  sand,  and  three  of  broken 
stone. 

The  cost  of  the  abutments  may  be  lessened,  where  they  are  of 
sufficient  thickness,  by  the  use  of  rubble  concrete.  Tlie  casing  or 
curbing  must  be  built  up  as  the  laying  of  the  concrete  proceeds. 
Within  the  casing  and  firmly  tamped  against  it,  there  should  be 
placed  fine  concrete  to  a  thickness  of  about  six  inches.  This  will 
form  a  shell  for  the  abutment,  inside  of  whii-li  large  stones  mav  be 
placed  in  rack-an(l-]iiiiion  order,  ends  up.  There  should  be  a  space 
of  at  least  two  indies  l)etween  the  stone,  filled  with  fine  concrete, 
and  all  firmly  rammed.  Tlic  outer  shell  of  fine  concrete  should 
always  l)e  ke))t  built  up  six  inches  or  so  in  advance  of  the  rubble 
Avork.  Tlie  rubble  should  be  placed  in  layers,  each  layer  well  Hushed 
witli  a  layer  of  fine  concrete. 

The  lumber  used  in  making  the  curbing  or  casing  should  be 
dressed,  tightly  fitted  and  firmly  braced,  so  that  the  concrete  may 
be   well   ranmied   into  place.       The  framework   should   be   closely 
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boarded  up  against  the  work  as  it  proceeds.  The  centering  for  the 
arch  should  he  well  formed.  The  ribs  should  not  be  farther  than 
three  feet  apart.  The  lagging  should  be  three  inches  thick  and 
dressed  to  the  intrados  of  the  arch.  All  the  framework,  centering 
and  supports  should  be  substantial  and  well  constructed.  This 
framework  is  a  considerable  item  of  expense  in  the  building  of  a 
culvert,  but  it  can  be  used  as  often  as  it  may  be  required  for  arches 
of  similar  span.  The  exterior  of  the  culvert  when  finished  should 
have  a  smooth  face,  free  from  holes;  and  a  surface  coating,  which 
is  of  little  use,  should  not  be  necessary. 

There  is  some  difference  of  opinion  as  to  the  relative  strengths 
of  gravel  and  broken  stone  in  concrete.  The  natural  inference  is 
to  suppose  that  a  rough,  irregular  surface  will  secure  greater  adhe- 
sion than  one  that  is  smooth.  However  that  may  be,  there  is  little 
reason  to  doubt  that  gravel  will  make  a  good  concrete,  but  there  is 
a  right  and  a  wrong  way  of  using  gravel.  It  is  not  uncommon  to 
find  cement  and  gravel  just  as  it  is  taken  from  the  pit,  mixed  to 
form  a  concrete.  Eemembering  the  proper  composition  of  a  con-* 
Crete,  and  placing  beside  this  the  fact  that  gravel  usually  contains 
sand,  but  not  in  any  definite  proportions,  and  that  some  pockets  of 
"  gravel  '^  may  be  almost  completely  sand,  while  in  the  layers 
adjoining  there  may -be  little  if  any  sand,  and  that  many  gravel 
beds  contain  much  clay  or  earthy  material,  it  will  be  readily  under- 
stood why  it  is  that,  in  some  cases,  concrete  mixed  in  this  way 
may  be  successful,  yet  it  will  always  be  uncertain  and  hazardous. 
The  only  safe  method  is  to  separate  the  stone  and  sand  composing 
the  gravel  by  screening,  then  to  mix  cement,  sand  and  clean  stone 
uniformly  and  in  their  right  proportions. 

A  cause  of  poor  concrete  is  the  excessive  amount  of  water  used 
when  mixing.  The  tendency  very  often  is  to  bring  concrete  to  the 
same  consistency  as  common  mortar.  Concrete  when  ready  to  be 
placed  in  the  work  should  have  the  appearance  of  freshly  dug  earth. 
"\i\niere  an  excessive  amount  of  water  is  used,  the  hardened  concrete 
will  have  an  open,  spongy  texture. 

The  concrete  should  be  mixed  at  a  point  convenient  to  the 
work  in  a  box  which  is  sometimes  specified  as  water-tight,  but  the 
concrete  will  quickly  make  it  so.  It  should  be  mixed  in  just  such 
quantity  as  is  required,  and  a  constant  stream  kept  passing  to  the 
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Avork.  It  should  be  laid  in  layers,  each  layer  thoroughly  rammed 
until  moisture  appears  on  the  surface. 

It  is  very  necessary  to  see  that  the  sand  and  stone  used  in  mak- 
ing concrete  are  clean,  that  it  is  free  from  clay,  loam,  vegetable 
or  other  matter  which  will  act  as  an  adulterant,  and  result  in  a 
weak  and  friable  concrete.  If  such  matter  is  intermixed  with  the 
stone  it  is  well  to  flush  it  aAvay  with  a  good  stream'  of  water.  Large 
stone  used  in  rubble  concrete  should  be  also  treated  in  this  way. 
It  is  well,  particularly  in  hot  weather,  to  dampen  the  stone  before 
mixing  it  with  the  mortar.  The  heat  of  the  stone  in  hot  weather 
causes  the  moisture  of  the  mortar  to  evaporate,  causes  it  to  set  too 
quickly,  and  at  all  times  there  is  more  or  less  absorption  from  the 
mortar  in  immediate  contact  with  the  stone,  unless  the  stone,  as 
intimated,  has  been  dampened. 

When  the  work  ceases  for  the  day,  or  is  for  other  reasons 
interrupted,  the  surface  of  concrete  should  be  kept  damp  until 
work  is  resumed.  When  work  is  in  progress  in  hot  weather,  any 
exposed  surfaces  should  be  kept  damp  and  protected  from  the  rays 
of  the  sun,  otherwise  the  surface  will,  in  setting  too  rapidly,  be 
interlaced  with  hair-like  cracks  which,  filling  with  water  in  winter, 
and  freezing,  will  cause  the  surface  to  scale  off.  The  same  scaling 
sometimes  results  from  laying  concrete  in  frosty  weather. 

Arch  culverts  of  masonry  or  concrete  fail  frequently  from 
settlement  caused  by  an  insecure  foundation.  The  foundation 
should  always  be  of  at  least  sufficient  depth  to  be  free  from  any 
danger  of  undermining  by  the  action  of  the  water,  and  of  suffi- 
cient further  depth  to  be  safe  from  settlement. 
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In  view  of  the  fact  that  ship-building  is  yearly  becoming  of 
greater  importance  in  both  Canada  and  the  United  States,  as  well 
as  in  other  parts  of  the  world,  I  venture  these  few  remarks  on  the 
subject. 

If  Canada  wishes  to  compete  with  other  countries  in  ocean  and 
lake  transportation,  it  is  important  that  the  ship-building  industry 
sliould  be  developed.  Canada  has  certainly  all  the  necessary  resources. 
Perhaps  the  only  difficulty  is  that  labour  is  somewhat  more  expen- 
sive here  than  in  some  parts  of  the  world,  but  it  is  not  more  so  than 
in  the  United  States. 

Xearly  all  the  great  shipyards  of  the  world  are  the  result  of  a 
great  many  years  growth  and  development,  and  were  started  years 
before  the  advent  of  great  labour-saving  machinery,  so  that  when 
such  equipment  was  afterwards  installed  it  could  not  be  used  to  the 
greatest  advantage.  This  objection  does  not  exist,  however,  in  the 
case  of  a  new  plant  being  built. 

To  the  best  of  my  knowledge  there  is  but  one  large  ship-building 
plant  in  the  world  where  everything  is  arranged  and  laid  out  in  a 
thoroughly  up-to-date  manner.  I  refer  to  the  plant  of  the  "  Xew 
York  Ship-building  Co."  of  Camden,  N.J.,  where  I  had  the  pleasure 
of  working  last  summer  and  which  I  will  now  try  to  briefly  describe. 

The  name  of  the  company  was  so  chosen  that  it  should,  in  any 
part  of  the  Avorld,  be  suggestive  of  America,  and  also  because  it  Avas 
originally  intended  to  locate  the  plant  somewhere  in  Xew  York 
harbour. 

However,  the  site  was  finally  chosen  at  the  southern  end  of  the 
city  of  Camden,  opposite  Philadelphia.  The  property  has  a  front- 
age on  the  Delaware  River  of  about  3,600  feet,  and  a  width  of  about 
1.800  feet.  The  land  is  very  suitable  for  the  purpose  of  ship-build- 
ing, the  underlying  strata  being  of  white  sand,  gravel  and  clay. 


A   MODERN    SHIP-BUILDING   PLANT.  57 

The  area  of  the  property  is  about  130  acres,  besides  a  two-acre 
lot  on  the  opposite  side  of  the  street  on  which  the  main  office  build- 
ing is  situated. 

The  following  are  the  chief  objects  which  were  kept  in  view 
in  the  designing  and  building  of  the  plant : — 

First — Convenience  in  the  transfer  of  material  from  one  field 
of  operation  to  another. 

Second — The  arrangement  of  the  ways  so  that  ships  up  to  1,000 
feet  in  length  may  be  built  under  cover. 

Third' — An  arrangement  of  shops  that  will  permit  of  an  increase 
of  from  50  to  100  per  cent,  in  capacity. 

Founlli — Such  isolation  of  structures  as  will  reduce  to  a  mini- 
mum danger  from  fire. 

Fifth — Facilities  for  the  ready  handling  of  material  received  by 
rail  and  water. 

On  the  side  of  the  property  next  to  Broadway,  is  a  strip  of  land 
120  feet  wide  reserved  for  ornamental  purposes,  and  adjoining  this 
is  another  reservation  128  feet  wide  for  highway  and  railway  pur- 
poses. There  is  ample  room  on  this  for  six  parallel  tracks,  each 
3,000  feet  long,  connected  with  both  the  Pennsylvania  and  Heading 
EaiJroads.  The  buildings  themselves  are  almost  entirely  free  from 
tracks,  such  only  being  laid  as  are  necessary  for  unloading  material. 

Track  scales  are  provided  to  accommodate  two  cars  of  the 
largest  size,  and  to  weigh  300,000  pounds.  A  coal  trestle  has  been 
built  from  which  coal  is  dumped  into  bins  sufficiently  large  to  hold 
three  months'  supply. 

The  main  building  is  enormous  in  size  and  unlike  that  in  any 
other  ])lant.  Here  all  metal  working  departments  are  under  one 
roof.  The  floor  space  is  over  18  acres,  and  light  is  admitted  by 
four  acres  of  skylights,  and  two  acres  of  windows. 

There  are  more  than  forty  travelling  cranes  ranging  in  capacity 
from  seven  to  one  hundred  tons.  All  are  driven  by  dirtct  current 
motors.  The  one  hundred-ton  crane  is  carried  on  a  span  of  120 
feet,  and  its  field  of  operation  covers  the  machine  shop,  ways,  and 
outfitting  slip,  so  that  it  may  be  employed  to  lift  an  engine  or  boiler 
bodily  from  the  machine  shop,  and  deliver  it  in  a  vessel,  either  on 
the  ways  or  afloat.     Each  of  the  smaller  cranes  has  its  own  field 
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of  operation,  and  an  original  type  has  been  installed,  which  by  means 
of  an  extension  arm,  is  able  to  deliver  and  receive  material  ■without 
re-handling  (this  type  was  installed  by  Pawling  &  Haruispfeger, 
Milwaukee). 

A  great  many  of  the  cranes  used  for  handling  steel  plates  are 
equipped  with  powerful  electro-magnets  controlled  by  the  engineer 
of  the  crane.  The  latter  brings  his  electro-magnets  over  the  plate, 
turns  on  the  current,  and  the  plate,  now  the  armature  of  the  magnet, 
can  be  lifted  and  carried  to  any  place  in  the  shop.  It  is  instantly 
released  by  turning  off  the  current. 

MACHINE  SHOP. 

The  machine  shop  is  very  large  and  roomy.  There  are  three 
bays  and  one  lean-to.  Along  each  side  of  the  machine  shop  run 
large  galleries  connected  with  the  main  floor  by  iron  staircases.  In 
the  east  gallery  are  a  miscellaneous  storeroom,  and  an  electric  repair 
shop,  with  lathes,  shapers,  drill  presses,  forges,  etc.  In  the  west 
gallery  is  the  pipe  shop  which  is  thoroughly  equipped  with  pipe- 
cutting  and  threading  machines,  lathes,  drills,  and  grinding  machines. 

The  lean-to  contains  the  brass  shop,  a  storage,  and  a  tool  room. 
a  forge  shop,  and  a  tool  manufacturing  room,  where  a  methodical 
system  is  employed  for  the  supply  of  tools  to  the  workmen,  who  are 
nor  required  to  sharpen  their  own  tools,  but  return  a  dull  one,  getting 
a  sharpened  one  in  its  place.  Here  also  are  clothes-closets,  wash- 
rooms, etc.,  for  the  workmen,  all  fitted  with  the  best  sanitary  devices. 

The  following  very  heavy  machines  are  all  of  special  design 
and  specially  built  for  the  company:  The  first  is  a  sixteen-foot 
vertical  Niles'  boring  mill,  fitted  with  three  arms,  two  for  use  when 
the  work  revolves  and  one  (the  central  one)  for  use  when  the  work 
iy  stationary.  The  next  machine  is  a  large  Sellers'  drilling,  boring 
and  milling  machine  with  an  eight-inch  spindle.  This  machine  is 
equipped  with  steel  scales  and  verniers  for  placing  thd  work  on  the 
table,  and  measuring  it  in  each  direction. 

There  are  two  band  saws  for  cutting  steel,  such  as  for  cutting 
out  eccentric  straps,  etc.  These  were  built  by  the  Xoble  &  Fund 
Co.,  of  England. 

There  is  a  horizontal  milling  machine  from  Bemcnt-Miles  & 
Co.;  two  Newton  milling  machines;  an  open  side  planer,  72  in.  x  72 
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in.  X  28  inches;  a  Betts'  planer,  96  in.  x  96  in.  x  36  inches;  two 
double-headed  lathes,  one  48  inches  by  60  feet,  and  one  60  inches  by 
60  feet;  two  Niles'  horizontal  boring  and  milling  machines,  and  a 
great  many  other  smaller  machines. 

The  erecting  floor  is  in  the  west  side  of  the  shop  and  is  served 
by  two  cranes,  besides  the  100-ton  crane  previously  mentioned. 

BOILER    SHOP. 

The  boiler  shop  is  directly  north  of  the  machine  shop,  and 
separated  from  it  by  a  low  partition  only.  It  is  also  adjacent  to  the 
plate  storage  department,  from  which  the  plates  are  taken  rolled  by 
the  straightening  rolls,  and  delivered  to  the  boiler  shop. 

The  boiler  shop  is  served  by  four  cranes,  one  60-ton  crane,  one 
10-ton  crane,  rnd  two  7i-ton  extension  cranes  similar  to  the  one 
menlioned  before. 

The  hydraulic  rivetter,  built  by  "Wm.  Sellers  &  Co.,  is  of  special 
design.  It  is  designed  to  operate  with  a  pressure  of  either  50,  100, 
cr  150  tons.  There  is  also  a  160-ton  hydraulic  flanging  machine 
equipped  with  dies  for  upsetting  stay  bolts,  flanging  furnace  mouths 
and  making  manhole  covers. 

The  large  boiler  drill  which  was  built  by  the  "  New  York  Ship- 
building Co."  has  a  capacity  for  boilers  from  6  feet  to  20  feet  in 
diameter  and  20  feet  long.  It  has  three  drill  heads  each  contain- 
ing four  spindles,  which  can  be  operated  at  the  same  time,  and  which 
are  adjustable  in  all  directions. 

BLACKSMITH   SHOP. 

The  blacksmith  shop  is  very  free  from  gas  and  smoke,  all  the 
forges  being  furnished  with  exhaust  hoods.  There  are  several  steam 
hammers  as  well  as  a  complete  drop  forging  plant,  nut  and  bolt 
machine,  etc, 

FRAME  AND   PLATE   SHOP. 

The  frame  and  plate  shops  are  located  side  by  side  and  adjoining 
the  blacksmith  shop.  In  this  department  are  drills,  countersinks, 
and  like  tools,  moving  over  a  field  of  20  feet  or  more  in  diameter. 
Here  is  installed  the  first  joggling  macliine  in  use  in  America,  and 
all  ships  being  built  are  of  joggled  plating.  This  machine  so  bends 
the  edges  of  the  plates  that  they  shall,  wherever  lapped,  present  a 
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plane  surface  on  the  outside.  There  is  also  a  scarphing  machine  to 
plane  off  to  a  feather  edge  the  steel  plates,  and  two  Sellers'  plate 
planers  used  for  planing  and  calking  the  edges  of  the  plates.  At  the 
end  of  this  shop  are  the  laying  off  tables,  M'here  the  plate  is  marked 
according  to  the  template  made  in  the  mould  loft.  Those  plates 
which  are  to  be  bent  are  carried  to  the  plate  furnace,  which  is  6  feet 
6  inches  broad  by  28  feet  long.  At  the  southern  end  of ,  the  shop 
are  two  rolls,  one  of  which  can  handle  a  plate  27  feet  broad,  and  the 
other  is  used  for  rolling  mast  plates. 

THE    MOULD    LOFT. 

The  mould  loft  where  the  templates  are  made  is  located  over 
the  plate  shop.  At  the  south  end  of  the  loft  is  a  draughting-room 
entirely  distinct  from  the  hull  draughting-room,  where  about  twenty 
draughtsmen  are  employed  to  make  drawings  for  each  shape  and 
plate  that  goes  into  a  ship.  From  the  lines  furnished  by  the  hull 
draughting-room  the  body  plan  of  the  slyp  is  laid  down  on  a  marble 
table.  The  offsets  from  this  table  are  given  to  the  mould  lofts- 
men  who  make  the  templates  of  the  frames,  etc. 

THE   LAUNCHING  WAYS. 

The  launching  ways  are  at  the  end  of  the  frame  and  plate  shop 
and  directly  opposite  the  machine  shop,  where  the  engines  are 
assembled.  All  departments,  including  the  launching  ways  and  out- 
fitting slip,  are  under  one  roof,  the  clear  height  of  which,  above  the 
water,  is  about  125  feet.  The  depth  of  water  in  tlie  slip  is  about 
30  feet  at  low  tide.  There  are  seven  parallel  launching  ways,  and 
each  may  be  extended  to  build  a  vessel  1,000  feet  long.  Adjoining 
the  slip  are  two  piers,  one  1,000  feet  long,  and  one  1,200  feet  long, 
each  having  30  feet  of  water  on  either  side. 

FIRE    PROTECTION. 

The  system  of  fire  protection  is  very  comploto.  All  depnrt- 
ments  such  as  pattern  shop,  joiner  shop,  power  house,  ]iaint  shop, 
and  rigger's  loft  are  sufficiently  removed  from  each  other  so  that 
a  fire  occurring  in  any  one  may  be  confined  to  that  particular  one. 

Water  for  fire  protection  is  furnished  by  three  1,500  gallon 
pumps,  through  mains  ranging  in  diameter  from  16  inches  down, 
and  the  outside  and  inside  of  each  building  is  thoroughly  equipped 
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with  hydrants  and  hose  in  addition  to  a  complete  sprinkler  system, 
so  that  fire  risk  is  almost  completely  eliminated. 

POWER    HOUSE. 

The  power  house  is  a  building  about  100  feet  by  200  feet,  situ- 
ated on  the  line  of  railway  reservation.  The  boilers  are  of  2,500 
horse  power  and  are  fitted  with  a  Greene  economizer  and  the  usual 
feed  pumps  and  heaters.  The  smoke  stack  is  about  200  feet  high 
and  8  or  9  feet  inside  diameter.  It  is  large  enough  for  boilers  of 
double  the  capacity  of  those  now  in  use.  There  are  two  main 
engines  of  750  horse  power  each.  They  are  cross-compound  Corliss, 
having  cylinders  18  inches  and  36  inches  diameter  by  42-inch  stroke, 
and  make  120  revolutions  per  minute.  They  are  direct  connected 
to  two  500  K.  W.  generators  of  the  rotary  converter  type,  supplying 
both  direct  and  alternating  current,  the  latter  being  of  two  phases. 
In  addition  there  is  a  50  K.  W.  direct  connected,  direct  current 
generator.  The  exhaust  may  be  led  either  to  the  open  air,  to  a  jet 
condenser,  or  into  the  heating  system  of  the  shops.  All  the  large 
machine  tools  are  driven  by  direct  connected  induction  motors.  The 
general  illumination  is  by  about  five  hundred  enclosedarc  lamps, while 
the  ottices  and  individual  tools  are  lighted  by  incandescent  lamps.  Com- 
j'ressed  air  is  supplied  by  a  compressor  of  5,000  cubic  feet  capaeity 
per  minute,  at  a  pressure  of  120  pounds  per  square  inch. 
Hydraulic  power  is  supplied  by  two  compound  pumps  each  having 
a.  capacity  of  100  gallons  of  water  per  minute,  at  a  pressure  of  1,500 
pounds  per  square  inch. 

The  three  kinds  of  power  are  carried  underground  to  the  main 
buildings,  where  they  are  distributed.  The  great  advantages  of  a 
system  of  power  transmission  without  belts  or  line  shafting  are  so 
obvious  that  it  is  not  necessary  here  to  make  further  comment  on 
the  subject. 

The  drinking  and  general  service  water  is  taken  from  artesian 
wells  on  the  premises.  It  is  pumped  to  all  parts  of  the  plant  and 
has  a  uniform  temperature  of  about  56  degrees  F.  The  plant  has 
also  a  complete  and  up-to-date  sewage  system. 

OFFICE  BUILDING. 

Tlie  office  building  is  a  plain  structure  on  the  east  side  of  Broad- 
way.  It  contains  two  large  draughting  rooms,  where  about  one  hun- 
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dred  and  sixty  draughtsmen,  are  employed,  blue  print  rooms,  library, 
fire-proof  vault,  and  all  necessary  offices  and  rooms.  The  basement 
contains  a  bicycle  room,  a  museum,  three  large  dining  rooms,  with 
accommodation  for  two  hundred  people;  and  toilet  rooms  for  those 
employed  in  the  office.  There  is  a  complete  telephone  system  con- 
necting the  office  and  all  departments,  as  well  as  a  staff  of  messenger 
boys  who  run  errands  round  the  plant. 

An  ingenious  system  of  marking  material  has  been  adopted,  by 
means  of  which  the  ultimate  destination  of  any  piece  is  indicated. 
A  whole  number  is  employed,  which  is  the  number  of  the  ship  to 
which  the  piece  belongs;  the  first  number  to  the  right  designates 
that  the  part  belongs  to  the  hull  or  machinery  or  other  part,  etc. 
The  number  1.5421  on  a  casting  indicates  the  following: 

(1.)  means  that  it  belongs  to  ship  No.  1. 

.5  means  that  it  belongs  to  the  machinery. 

.04  means  that  it  belongs  to  the  main  engine. 

.002  means  that  it  belongs  to  the  bed  plate. 

.0001  means  that  it  is  No.  1  section  of  that  bed  plate. 

2.5421  would  mean  the  same  part  for  ship  No.  2. 

They  intended  to  employ  about  5,000  men  when  all  depart- 
ments are  full.  My  numljer  was  4,422,  so  that  gives  a  fair  idea  of 
the  number  employed. . 

Last  summer  the  company  had  ttnder  contract  about  ten  ships 
Aarying  in  size  from  310  to  625  feet  in  length.  The  company  was 
organized  in  the  spring  of  1899,  with  a  capital  of  $6,000,000. 

To  sum  up,  the  New  York  Ship-building  Co.  has  now  in  Cam- 
den one  of  the  greatest  of  ship-buikling  plants.  It  lias  contracts  on 
hand  that  give  it  sufficient  work  to  establish  it  on  a  firm  basis,  and 
i"(  will  withotit  doubt,  if  wisely  managed,  prove  an  engineering  and 
financial  success;  let  us  hope  to  sec  in  the  near  futttrc  a  similar 
institution  in  this  country. 


THE   YOUNG   GRADUATE  AND    THE   PROFESSION  .OF   MINING 

ENGINEERING. 


H.  E.  T.  Haultain,  C.E.,  A.  M.  Can.  Soc.  C.  E. 


Both  in  my  own  experience  and  in  my  observation  of  young 
graduates  from  engineering  schools  in  all  parts  of  the  world,  I  have 
found  a  general  ignorance  of  the  profession  as  a  whole  generally, 
coupled  with  a  very  much  distorted  view  of  the  young  graduate's 
position  in,  and  relation  to,  his  profession.  This  is  probably  to 
a  very  large  extent  unavoidable,  but  it  has  always  seemed 
to  me  a  very  important  point,  and  I  should  strongly  like 
to  see  a  series  of  lectures  on  the  subject  embodied  in  the  general 
curriculum  of  the  school.  Doubtless  very  much  of  such  knowledge 
must  be  personally  raid  painfully  learned  by  experience,  but  a  very 
valuable  skeleton  of  information  could  be  built  up  in  the  lecture 
room.  In  the  short  time  at  my  disposal,  I  will  attempt  an  outline 
of  the  profession  of  mining  engineering  as  I  in  my  limited  experi- 
ence have  found  it,  and  attempt  to  deal  with  some  of  the  more 
prominent  difficulties  that  will  be  encountered  in  the  early  days  of 
the  Young  Engineer's  career. 

Kipling  says: 

•'  When  the  waters  were  dried  an'  the  earth  did  appear, 
The  Lord,  He  created  the  Engineer." 

And,  from  the  first,  the  mining  engineer  must  have  been  a  man  of 
prime  importance  in  his  class.  As  time  went  on,  and  all  structures 
depended  more  and  more,  either  in  their  fashioning  or  in  their 
material,  upon  the  supply  of  metals,  so  would  the  importance  of  the 
miner  become  greater.  In  France  and  Germany  this  is  recognized, 
and  mining  engineering  ranks  ahead  of  all  other  branches  of  engi- 
neering, but  in  our  English  speaking  communities  it  is  not  officially 
accorded  the  same  recognition,  and  possibly  the  miner  is  often  con- 
sidered rough  and  imfinished  in  his  methods,  a  pioneer  occupied  in 
coping  with  nature  in  the  rough  and  lagging  far  behind  the  polish 
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and  finish  of  the  scientific  engineering  of  the  cities.  It  is  true  he 
is  a  pioneer  and  that  he  deals  with  the  forces  of  nature  in  her  crudest 
and  roughest  forms,  but  he  does  it  with  a  wider  range  of  scientific 
knowledge  tjian  that  possessed  by  any  of  his  engineering  brothers. 
He  needs  and  he  makes  use  of  the  specialized  knowledge  of  all  other 
branches  of  engineering  in  addition  to  such  that  is  peculiarly  his  own. 

The  profession  of  mining  engineering  embodies  very  much  more 
than  any  one  man's  mind  could  possibly  encompass,  and  there  is  a 
limitless  number  of  subdivisions  or  combinations  of  subdivisions  for 
the  specialist  in  which  to  bury  himself. 

In  general,  mining  engineers  are  divided  into  two  main  classes, 
viz..  Mining  Engineers  and  MetaUurgical  Engineers.  Under  this 
classification  in  its  closest  sense,  the  mining  engineer  has  to  do  with 
the  getting  of  ore  to  the  point  where  it  lies  in  a  broken  state  at  the 
surface,  and  the  metallurgical  engineer  carries  on  the  work  from 
this  point,  until  the  metals  are  finally  extracted  from  the  ore.  But 
as  a  general  rule  the  metallurgical  engineer's  work  is  confined  to 
smelting  operations,  while  the  processes  of  mechanical  concentration 
of  ores,  and  even  the  leaching  and  lixiviation  processes,  are  in  the 
hands  of  the  mining  engineer  in  charge  of  the  other  mining  work. 
The  reason  of  this  is  to  be  found  in  the  fact  that  as  a  rule  the 
mechanical  concentration  and  the  lixiviation  of  ores  is  carried  on 
at  the  mine  under  the  one  management;  while  smelting  is  generallv 
done  at  some  central  point  at  a  distance  from  the  mining  operations. 
The  department  of  smelting  I  must  leave  out  of  consideration,  and 
trust  some  other  graduate  will  take  up  this  very  important  branch. 

Of  mining  engineers  proper,  there  is  a  rough  classification  that 
will  divide  them  into  two  classes:  the  engineers  connected  with  the 
large  permanent  mining  centres,  usually  coal  and  iron;  and  those 
connected  with  the  general  mining  industry  scattered  all  over  the 
world.  It  is  with  the  work  of  the  latter  class  that  my  experience 
has  been,  and  it  is  with  them  that  I  will  deal.  This  class  of  mining 
engineers  is  again  subdivided  into  two  main  classes — the  consulting 
engineer  and  the  managing  engineer,  and  the  thoroughly  competent 
consulting  engineer  will  have  passed  through  the  stage  of  managing 
engineer.  The  work  of  the  consulting  engineer  can  be  divided  into 
two  main  divisions  —  reporting  on  the  value  of  properties  and 
reporting  on  the  management  of  properties.     The  term  managing 
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engineer  would  embody  in  its  general  sense  all  the  engineers  resi- 
dent about  a  mine,  and  would  include  assayers,  chemists,  surveyors, 
mechanical  engineers,  electricians  and  those  engineers  skilled  in 
concentration  and  lixiviation  processes. 

The  prominent  consulting  engineer  would  have  his  headquarters 
at  some  commercial  centre — London  being  the  particular  home  of 
this  class — and  he  might  or  might  not  have  assistants  or  partners  in 
parts  of  the  world  nearer  to  the  mining  centres.  A  large  part  of  his 
work — perhaps  his  sole  work — would  be  the  examining  of,  and 
reporting  on,  the  value  of  mining  properties  in  various  parts  of  the 
world.  This  is  of  course  most  important  work  and  is  correspond- 
ingly paid  for.  In  this  work  experience  and  judgment,  built  upon  a 
foundation  of  wide  scientific  knowledge,  coupled  with  a  well  balanced 
commercial  sense  and  the  necessarily  ever  present  disinterested  in- 
tegrity, are  the  main  requirements.  It  is  a  position  of  the  utmost 
■commercial  responsibility,  a  single  report  often  controlling  the 
iuvestment  of  millions.  The  keynote  of  success  is  of  course  Reputa- 
tion, and  before  a  man  could  expect  to  succeed  at  this  work,  he  must 
have  built  up  a  reputation,  and  have  made  friends.  The  fees  lor 
this  kind  of  work  are  high.  Among  prominent  London  engineers 
the  fee  for  a  report  of  any  consequence  would  not  often  be  under 
^5,000. 

Consulting  engineers  located  in  either  commercial  or  mining 
centres  also  undertake  the  reporting  on  the  management  of  mines. 
They  may  visit  the  mine  at  intervals,  or  they  may  simply  base  their 
reports  and  advice  on  the  information,  accounts,  etc.,  supplied  to 
the  company  by  the  mine  manager;  and  their  advice  might  extend 
to  the  supplying  of  detailed  plans  for  development  or  for  machinery. 
Consulting  cDgineers  in  this  capacity  are  frequently  engaged  by 
London  companies   owning  mines  abroad. 

The  position  of  a  consulting  engineer  with  a  reputation,  able 
practically  to  choose  his  own  work,  travelling  in  many  parts  of  the 
world,  returning  always  to  his  headquarters,  and  receiving  most  sub- 
stantial fees,  is  a  most  enviable  one,  and  is  one  looked  forward  to 
as  a  natural  consequence  of  years  of  successful  work  in  the  field. 

But  it  is  to  the  position  of  a  managing  engineer  and  the  steps 
subordinate  to  that  position  that  I  would  more  particularly  draw 
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your  attention.     Perhaps  I  could  not  do  better  than  outline   the 
duties  and  responsibilities  in  an  actual  case. 

Take  the  case  of  a  manager  of  an  English  Compan}'  owning 
mining  territory  in  Africa.  They  have  one  mine  partially  developed 
and  several  prospects  giving  more  or  less  promise  of  good  vahies. 
The  Company  is  managed  in  London  by  a  board  of  directors — non- 
technical men  —  with  a  chairman  at  their  head.  This  Board  will 
meet  once  a  month,  or  once  a  fortnight,  and  will  outline  the  general 
policy  of  the  Company.  The  details  as  far  as  the  London  end  is 
concerned  are  in  the  hands  of  the  chairman,  who  relegates  them 
largely  to  the  secretary,  who  corresponds  with  the  manager  in  Africa. 
The  manager  will  have  a  wholesale  power  of  attorney  to  do  any- 
thing and  everything  in  Africa,  and  will  be  answerable  for  all  his 
actions  directly  to  the  Board.  He  will  have  an  agreement  or  engage- 
ment as  manager,  terminable  as  a  rule  by  six  months  notice  on  either 
side.  He  must  of  necessity  have  had  the  full  confidence  of  the 
Board  before  he  was  appointed,  and  must  retain  this  to  the  full  or 
his  position  will  become  untenable.  The  Board  will  be  completely  at 
the  mercy  of  the  manager — their  only  information  being  what  he 
chooses  to  give  them  in  his  letters  and  reports,  together  with  that 
oljtained  through  an  annual  visit  of  a  director  or  a  consulting  engi- 
neer. The  manager-in  turn  will  be  very  much  at  the  mercy  of  the 
misunderstandings  and  disappointments  of  the  Board,  and  nothing 
but  full  confidence  can  keep  things  running.  The  keeping  of  tlie 
Board  well  and  judicially  supplied  with  information  is  perhaps  one 
of  the  most  important  functions  of  the  manager. 

Coming  nearer  to  his  work,  we  find  him  in  charge  of  an  isolated 
community  twenty  miles  or  more  from  a  settlement — 100  miles  from 
a  railway — with  slow-going  ox-wagons  as  the  only  means  of  freight, 
transport.  j 

First  and  foremost  he  must  exaniiiu^  his  ore  deposits  nnd  then 
Avith  all  the  knowledge  that  he  possesses  of  geology  and  mineralogy, 
he  must  form  some  opinion  of  their  probable  value  and  outline  a 
method  of  development.  With  his  already  partially  developed  ore 
deposit,  all  his  past  experience  of  the  costs  of  mining  and  ore  treat- 
ment, together  with  all  the  information  he  can  obtain  in  a  raw 
country  concerning  labour,  power,  fuel,  transportation  and  markets, 
will  leave  him  in  no  high  degree  of  certainty  as  to  probable  profits. 
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He  has  to  study  the  resources  of  the  country,  and  to  design  his 
plant  accordingly.  He  is  alone,  single  handed,  and  up  against 
the  real  thing.  And  he  has  to  organize  in  a  bare  wilderness  a  large 
and  complex  business.  While  keeping  his  mind  keenly  on  the  deep 
scientific  problems  of  his  various  and  varying  ore  deposits,  on  tho 
problems  of  haulage,  timbering  and  ore  treatment,  he  has  to  arrange 
for  the  establishing  of  his  camp,  the  housing  of  his  men  and  ani- 
mals, the  purchase  of  innumerable  supplies,  and  transportation  over 
difficult  country.  He  has  to  procure,  and  very  often  to  a  large  extent 
must  be  prepared  to  train,  a  most  varied  gang  of  workmen,  skilled  and 
unskilled,  in  all  branches  of  labour.  He  has  to  control  a  most  mixed 
lot; of  the  roughest  class  of  men,  both  white  and  black;  at  all  times 
he  must  preserve  his  personal  influence  and  tone.  He  is  the  single- 
handed  autocrat  of  an  isolated  community,  with  nothing  to  main- 
tain his  authority  but  his  own  personality.  He  is  spending  large 
sums  of  money,  and  spending  it  in  innumerable  ways  that  are  diffi- 
cult to  trace  and  check.  On  all  sides  are  men  trying  to  get  the  best 
of  him  in  every  proposition,  and  he  must  have  the  business  side — 
the  commercial  side — of  his  Avork  organized  to  a  degree  unthought 
of  in  many  establishments  nearer  the  centres  of  civilization. 

While  organizing  and  personally  controlling  these  varied  com- 
plexities, he  must  ever  keep  a  clear  mind  for  the  constant,  careful 
and  well  balanced  study  of  the  intricate  scientific  problems  of  his 
work. 

Let  us  consider  some  of  these  engineering  problems: 

In  the  first  place  his  ore  bodies  differ  in  many  respects  from 
any  he  has  had  any  previous  knowledge  of — no  two  ore  bodies  arc 
the  same.  !N'othing  but  experience — wide  and  varied  experience — 
founded  on  a  scientific  training,  is  going  to  save  him  in  the  solution 
of  the  problems  involved  in  the  exploration  of  his  ore  bodies. 

He  has  one  ore  body  so  far  opened  up  that  sufficient  values  are 
in  sight  to  justify  the  installation  of  machinery  on  a  large  scale  for 
the  breaking,  mining  and  treating  of  his  ore.  Upon  all  the  intricate 
details  T  cannot  touch,  but  let  us  look  at  some  of  the  main  problems 
involved. 

The  first  problem  of  mining  his  ore  and  protecting  his  under- 
ground workings  is  one  depending  almost  entirely  upon  judgment 
and  foresight  based  on  experience,  and  is  one  that  no  amount  of 
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training  or  reading  can  solve  for  him.  In  any  case  he  must  work 
tentatively — must  feel  his  way.  That  probably  is  the  keynote  of  ail 
underground  work — certainly  of  all  the  early  stages.  It  is  impos- 
sible to  see  far  ahead,  and  one  must  feel  his  way  foot  by  foot,  plan- 
ning to-morrow's  work  by  to-day's  results. 

But  the  planning  of  the  ultimate  development  which  must  soon 
be  taken  in  hand  is  a  large  problem  involving  work  spread  over  many 
years,  and  the  general  skeleton  of  the  plan  must  be  laid  out  and 
undertaken  at  once.  Upon  the  position  of  his  main  Avorking  shaft 
or  tunnel  the  position  of  his  surface  works  will  to  a  large  extent 
depend.  Into  this  problem  must  enter  the  problems  of  pumping, 
ventilation,  and  haulage,  and  much  calculation  and  well  balanced 
judgment  are  required  for  a  satisfactory  solution.  The  problem 
involves  not  only  a  very  large  sum  in  itself,  but  it  will  always  very 
seriously  aifect  the  working  costs. 

Inseparable  from  this  problem  is  the  question  of  power.  The 
case  I  have  in  view  has  practically  unlimited  water  power  five  miles 
away,  so  that  the  question  of  power  does  not  affect  the  hoisting 
question;  and  it  is  found  that  for  the  first  few  years  the  most  satis- 
factory course  is  the  running  of  a  low  level  tunnel  which  will  give 
several  years  ore  supplies  above  it,  and  which  will  always  be  the 
main  working  tunnel. 

The  next  problem  is  the  treatment  of  the  ore,  and  though  the 
manager  ought  to  be  capable  of  dealing  with  this  problem  himself, 
he  may  call  in  the  assistance  of  a  consulting  specialist. 

And  here  comes  in  a  very  nice  point: 

It  is  of  course  out  of  the  question  that  our  mine  manager  should 
know  everything,  or  that  he  should  know  as  much  of  detail  as  a 
specialist  in  any  branch,  and  very  naturally  the  average  business 
man  will  say:  Here  is  an  isolated  problem,  let  it  be  solved  Iw  the 
specialist. 

In  the  large  mining  centres  are  to  be  found  consulting  engineers, 
who  are  disinterested  specialists  in  milling  and  lixiviation  processes, 
and  who  make  a  business  of  such  problems.  They  often  are  called 
upon  to  supply  complete  plans. 

In  the  first  place,  there  is  one  statement  that  will  hold  under 
all  circumstances: — There  is  no  isolated  problem  connected  with  any 
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mine.  The  mine  and  everything  connected  with  it  is  one  vast  com- 
plex machine,  with  all  its  parts  and  details  interdependent,  and 
smooth  running — successful  running — depends  on  the  balance  be- 
tween all  its  parts,  and  upon  their  perfect  inter-working.  This  can 
only  he  achieved  in  one  mind.  There  must  be  only  one  controlling 
hand,  and  though  it  is  not  necessary  for  the  manager  to  design  all 
the  details,  he  must  fully  grasp  the  essentials  of  every  department. 
He  must  be  responsible  for  everything. 

If  outside  consulting  advice  is  called  in,  it  must  be  in  consulta- 
tion with  the  manager,  and  if  the  manager  is  incapable  of  dealing 
with  the  subject,  a  most  dangerous  element  of  failure  is  at  once 
introduced.  This  is  a  most  essential  element  of  mine  management 
and  I  "will  refer  to  it  later  on. 

If  a  thorough  professional  consulting  engineer  with  a  reputation 
is  called  in  to  settle  the  problem  of  ore  treatment,  he  may  be  pre- 
pared to  deal  with  it  in  its  entirety,  in  which  case  he  would  go 
carefully  into  all  the  conditions  surrounding  the  problem  from  the 
ore  deposit  to  the  market,  and  would  do  this  in  close  consultation 
with  the  manager,  whom  also  he  would  carefully  consider  as  an 
important  condition.  Then  after  designing  the  plant  he  would  to  a 
certain  extent  supervise  construction,  and  on  its  completion  would 
personally  attend  to  the  early  stages  of  its  operation.  For  an  ore 
treatment  plant  is  not  like  a  small  steam  engine  which  will  run 
when  supplied  with  steam.  Even  after  most  careful  and  capable ' 
designing,  there  will  have  to  be  much  adjusting  of  its  method  of 
operations  before  the  best  results  are  obtainable,  and  this  adjusting 
must  be  done  by  a  capable  and  responsible  head. 

If  the  specialist's  connection  ceases  on  the  delivery  of  the  plans, 
the  manager's  responsibility  will  only  then  commence,  and  if  there 
be  any  failure  in  results  the  manager  will  blame  the  design  and  the 
designer  will  blame  the  method  of  operation,  and  the  company  will 
be  in  the  position  of  the  man  trj'ing  to  sit  on  two  chairs.  This  is 
one  of  the  commonest  causes  of  failure  and  trouble  in  mining,  and 
every  mining  man  can  point  to  many  incidents  of  this  kind. 

In  the  case  I  have  described,  the  specialist's  fee  would  be  enorm- 
ous— probably  much  larger  than  the  manager's  annual  salary. 

]\rost  frequently  it  would  not  be  possible  to  obtain  the  ser- 
vices of  a  distinguished  specialist,  and  recourse  is  often  had  to  the 
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manufacturers  of  mining  machinery.  They  call  themselves  special- 
ists in  such  matters  and  very  often  are  so,  and  have  much  experience 
and  data  at  their  command,  but  we  then  have  the  anomalous  posi- 
tion of  the  consulting  engineer  and  the  contractor  being  one  and  the 
same  person.  It  is  surprising  how  frequently  this  is  the  case,  and 
it  is  not  surprising  that  this  is  most  frequently  a  cause  of  disaster. 

The  manufacturer  can  never  be  a  disinterested  party.  Condi- 
tions do  not  permit  him  to  make  a  thorough  examination  of  all  the 
conditions.  He  will  tell  you  what  machinery  to  put  in:  it  will  be 
his  own  and  there  will  be  as  much  as  poi^sibie  of  it;  it  will  be  good 
machinery,  and  he  will  guarantee  the  smooth  running  of  individual 
machines,  but  he  will  not  guarantee  the  results.  And  he  will  have 
many  excuses  to  show  that  the  blame  of  failure  is  not  attachable  to 
him.  He  will  tell  you  that  the  ore  treated  in  the  mill  differs  from  the 
sample  sent  him;  that  the  construction  was  poor  and  the  operation 
is  worse.  You  cannot  pin  down  the  manufacturer  to  results — he  is 
too  old  a  bird  at  the  game. 

What  then  is  the  manager  to  do  ? 

He  ought  to  be  capable  of  designing  his  own  plant.  If  he  feels 
doubts  about  it,  let  him  engage  a  man  who  has  knowledege  of  such 
matters,  engage  him  as  an  assistant — as  a  head  of  a  department — and 
let  this  man  e.\i)erinu'nt  on  a  laboratory  scale  in  co-operation  with 
the  manager. 

After  the  manager,  with  or  without  outside  aid,  has  decided  that 
his  ore  is  a  free  milling  ore  requiring  a  subsequent  treatment  of 
tailings  by  cyanide,  and  has  decided  on  the  general  main  idea  of  his 
plant,  he  can  safely  go  to  the  manufacturer  for  his  machinery, 
trusting  largely  to  him  for  all  details — for  the  details  are  the  work 
of  a  mechanical  engineer,  and  in  this  department  the  manufacturer 
is  the  highest  specialist. 

The  first  plant  will  doubtless  be  a  small  one,  designed  with  a 
view  to  fui'llu'r  increase,  and  also  with  a  view  of  permitting  consider- 
able experimenting. 

What  I  have  said  in  regard  to  the  ore  treatment  plant  also  holds 
good  with  the  tramway  from  the  mine  to  the  mill,  and  with  the  water 
power  plant,  and  with  the  electric  transmission  plant,  with  of  course 
some  modifications. 
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Aerial  tramways  come  nearer  to  being  isolated  problems  tlian  does 
any  other  part  of  tlie  plant,  and  they  are  very  frequently  given  over 
to  contractors,  who  guarantee  to  erect  the  tramway  and  run  it  for  a 
short  time.  To  a  certain  extent  the  tramway  can  be  looked  upon 
as  an  isolated  machine  of  the  nature  of  a  steam  engine.  But  again 
to  make  the  contractor  and  the  consulting  engineer  the  same  person, 
even  in  so  simple  a  matter  as  a  tramway,  tends  to  an  unnecessary 
•waste  of  money  and  consists  in  paying  to  a  contractor  very  much 
more  than  what  is  already  paid  to  the  manager  or  his  staff  for  the 
same.  work. 

In  the  case  of  electric  machinery. —  electricity  is  perhaps  some- 
■uhat  removed  from  the  mining  engineer,  but  is  daily  becoming 
less  so.  and  though  the  mining  engineer  would  certainly  never 
attempt  to  design  his  dynamos,  he  certainly  ought  to  know  enough 
to  decide  whether  he  wanted  direct  current  or  alternating  machinery 
and  to  be  able  rationally  to  cheek  over  the  electrician's  figures  as  to 
line  loss,  etc.,  etc. 

To  sum  up  this  ([uestion  of  machinery,  the  manager  should  be 
thoroughly  conversant  with  all  the  standard  types  of  machinery  of  all 
the  prominent  manufacturers  that  might  possibly  be  of  use  in  mining 
work,  and  this  includes  practically  everything  except  Heavy  ordnance 
and  marine  engines,  though  the  knowledge  of  heavy  guns  possessed 
by  the  mining  staff  in  Kimberley  was  of  considerable  value  last  year. 
With  the  detailed  design  of  this  machinery  he  need  not  unduly 
burden  himself  beyond  understanding  the  why  and  the  wherefore  of 
every  part.  The  manufacturer  can  be  depended  on  for  excellence  of 
detail.     Thereon  depends  his  existence. 

The  erection  of  his  ])hint  is  an  all-important  part  of  the  man- 
ager's work  or  of  a  most  trusted  assistant.  To  let  this  by  contracts 
generally  ends  in  disaster  unless  most  competent  and  keen  watch  is 
kept  on  the  contractor.  Generally  speaking,  in  all  mining  construc- 
tion it  is  more  satisfactory  and  more  economical  to  watch  over  a 
good  foreman  than  to  check  a  contractor.  The  contractor,  like  the 
Indian,  will  be  bad  if  he  can  be. 

The  operation  of  the  plant  will  be  the  work  of  the  heads  of 
departments  always  under  the  personal  eye  of  the  manager. 

This  is  a  bare  skeleton  of  the  work  of  the  mine.  It  is  filled  in 
with  an   interesting  network  of    details    of    everv    kind,  from   the 
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niceties  of  subtle  chemical  investigation  to  the  handling  of  a  drunken 
mob,  and  through  it  all  must  run  side  by  side  the  deepest  scientific 
thought  and  the  most  cold-blooded  business  methods,  tempered 
always  by  the  truest  disinterested  professional  tone. 

The  manager  will  have  to  assist  him  in  his  work,  besides  his  own 
personal  assistant,  several  heads  of  departments — a  commercial  sup- 
erintendent in  charge  of  the  buying  and  of  the  books  and  the  com- 
mercial side  of  the  business  generally;  a  surveyor,  an  assayer,  super- 
intendents or  head  foremen  of  mine,  mill  a,nd  C3'anide  plant,  a  master 
mechanic,  and  foremen  of  the  various  sub-departments,  and  with 
these  the  successful  manager  will  keep  in  very  close,  intimate  touch. 

There  is  another  phase  of  the  manager's  work  that  I  have  not 
yet  touched  upon — a  department  in  which  he  remains  alone. 

The  mine  is  the  property  of  a  company,  and  the  public  pay  very 
much  more  attention  to  the  shares  than  they  do  to  the  mine,  and  the 
majority  of  shareholders  expect  to  make  very  much  more  out  of  the 
fluctuation  in  the  price  of  shares  than  they  do  out  of  the  mine.  There 
IS  a  constant  and  active  buying  and  selling  of  shares.  Now  the  man- 
ager's regular  reports  to  his  Board  can  very  materially  affect  the  price 
of  shares  and  his  plans  of  operations  do  also  very  materially  affect 
the  price  of  shares;  discoveries  will  be  made  in  the  mine  that  will 
make  enormous  differences  in  the  value  of  the  stock.  In  vers'  many 
Avays  the  manager  has  a  very  large  control  over  the  price  of  the 
stock,  and  if  there  be  any  deviation  on  his  part  from  strict  honesty, 
from  the  true  professional  spirit  of  disinterestedness,  he  may  be  in 
a  position  to  make  much  money  for  himself  or  his  friends.  Here  is 
a  wide  open  temptation — a  temptation  so  coarse  and  glaring — so 
palpable — that  it  will  in  general  be  easily  avoided,  but  it  has  also  its 
more  subtle  aspects,  and  the  only  protection  a  man  has  lies  m  the 
inherent  honesty,  the  professional  spirit  and  tone  of  the  true 
engineer. 

This  is  an  outline  of  the  position  of  a  manager  of  by  no  means 
large  property,  and  may  be  taken  as  a  fair  general  example. 

As  an  example  of  the  extent  to  which  the  business  of  mine  man- 
agement may  grow,  I  would  cite  the  case  of  The  Consolidated  Gold 
Fields  of  South  Africa.     In  1897,  in  their  engineering  offices  in  ' 
Johannesburg,  they  had  fifteen  draughtsmen  in  the  surveying  de- 
partment, and   seventeen  more  in  the   general  department.     Their 
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cliief  engineer  drew  a  salary  of  $60,000  a  year,  their  chief  mechani- 
cal engineer  drew  $25,000,  and  so  on.  Of  course  this  office  did  all 
the  engineering  work  for  a  large  group  of  mines. 

But  it  is  the  smaller  propositions  that  tax  the  resources  of  the 
mining  engineer  most  severely,  for  in  these  cases  he  must  himself 
control  every  department  and  must  carry  out  works  that  in  larger 
concerns  would  be  in  the  hands  of  heads  of  departments  in  them- 
selves specialists  capable  of  carrying  responsibility. 

In  an  examination  of  the  duties  of  the  mine  manager,  as  I  have 
outlined,  what  do  wc  find  as  the  more  prominent  points  ?  I  think  we 
shall  find  that  the  most  important  point  of  all  is  confidence — mutual 
confidence  between  the  directors  and  the  manager.  To  obtain  this 
the  manager  must  be  a  man  of  experience — a  man  with  a  record^ — 
a  man  who  has  made  friends.  The  next  point  of  importance  is  the 
fact  that  the  whole  concern,  first,  last  and  all  the  time,  is  a  business 
proposition  undertaken  with  the  sole  and  only  purpose  of  making 
money,  and  as  far  as  our  engineer  is  concerned,  making  money 
legitimately,  though — and  this  is  a  point  ever  to  be  remembered  by 
the  young  graduate — there  are  always  those  seeking  to  make  money 
illegitimately.  The  whole  concern  in  every  department  must  be 
organized  on  a  commercial  basis.  The  third  point  of  importance 
is  the  essentially  scientific  character  of  all  the  problems  involved  in 
the  finding,  winning  and  treating  of  the  ore.  In  the  young  gradu- 
ate's technical  course,  his  whole  time  and  energies  being  occupied 
with  this  latter  point,  he  is  apt  to  lose  sight  almost  altogether  of  the 
other  two.  But  these  three  points  are  as  inseparable  as  the  three 
dimensions  of  space,  and  any  proposition  founded  on  two  only  will 
be  a  failure. 

Of  course  there  is  an  exception  to  this  rule — the  factor  known 
as  luck  may  once  in  a  thousand  times  upset  all  rational  conceptions. 

Besides  these  three  fundamental  points  there  are  others  of 
nearly  equal  importance.  All  mining  work  is  new  work;  every  pro- 
blem is  a  new  one,  differing  in  many  respects  from  the  engineer's 
previous  experiences;  every  problem  is  complex,  involving  a  large 
number  of  facts  and  conditions  often  xery  obscure.  The  engineer 
must  be  a  man  of  varied  experience,  not  only  conversant  with  a  wide 
range  of  scientific  knowledge,  but  with  a  very  wide  range  of  actual 
experience.     He  must  be  essentially  quick  wit  tod  and  he  must  have 
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a  lively  technical  imagination,  ever  ready  to  imagine  new  combina- 
tions and  possibilities.  But  his  temperament  and  technical  character 
must  be  strong  enough  to  allow  this  technical  imagination  full  play, 
without  its  carrying  him  off  his  feet  into  a  wilderness  of  conjecture. 

He  must  be  physically  strong — able  to  live  anywhere  and  eat 
anything;  he  must  ever  be  ready  to  pack  his  blankets  and  his  scientific 
knowledge  on  his  own  back. 

He  must  be  a  professional  man  in  the  fullest  sense  of  the 
termi.  He  must  have  tone;  I  cannot  define  tone,  it  marks  quality,  or 
shall  I  say  quality  marks  tone.  And  tone  is  as  unassailable  as 
it  is  hard  to  define.  From  the  first  step  to  the  last  the  mining 
engineer  is  surrounded  by  temptations  of  every  kind ;  every  tendency 
Avithin  him  will  have  free  opportunity  to  pull  him  towards  disaster. 
From  the  start  he  is  away  from  the  influence  of  custom  and  social 
ties,  and  he  who  has  never  been  absolutely  free  from  these  influences 
can  have  little  conception  of  the  extent  of  their  contr4)lling  power. 
But  the  temptations  arising  from  avarice  and  ambition  are  the  most 
continually  and  persistently  present.  And  these  temptations  are 
often  of  the  subtlest  kind — most  frequently  not  having  even  the 
appearances  of  temptation,  and  this  is  a  phase  of  his  work  in  which 
the  engineer  stands  alone — a  game  in  which  he  must  play  a  lone 
hand. 

Somebody — Gilbert  Hamerton,  I  think — has  said  that  the  most 
important  characteristic  of  a  critic  should  be  disinterestedness.  Dis- 
interestedness is  the  foundation  and  skeleton  framework  of  the  whole 
structure  of  the  professional  man.  If  he  is  not  disinterested  he  is 
nothing.  He  is  an  employee  and  his  interests  always  must  be  on 
behalf  of  his  employer.  This  explains  how  the  mine  manager  can 
be  a  business  man  and  still  a  professional  man.  He  is  carrying  on 
business  for  another  and  he  can  carry  it  on  only  in  the  cleanest  and 
straightest  of  business  methods. 

Another  thing  to  be  observed  in  the  work  of  our  mine  manager 
is  that  he  has  more  to  do  with  human  nature  than  with  any  of  the 
other  forces  of  nature.  He  has  to  deal  with  his  directors  (n  one 
hand,  and  with  his  employees  on  the  other.  He  has  to  deal  continu- 
ally with  the  cleverest  scoundrels  and  rogues  of  all  classes  and  kinds. 
He  1  as  to  depend  on  his  judgment  of  character  in  black,  red,  yellow 
and  white. 
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Well,  gentlemen,  have  I  painted  an  impossible  picture  for  you? 
I  liave  outlined  the  main  skeleton  frame  of  a  possible  structure — a 
structure  for  which  there  is  an  enormous  demand;  the  completion  of 
the  edifice  depends  upon  the  individual. 

So  much  for  what  there  is  in  front  of  us.  Let  us  now  consider 
our  first  steps. 

The  young  graduate,  despite  his  hard  work  and  scientific  attain- 
ments, is,  as  an  engineer,  well  nigh  as  useless  as  the  new-born  babe. 
1  know  you  will  not  believe  this — it  is  not  compatible  with  your 
vears  and  vour  efforts^ — it  is  probably  just  as  well  that  you  don't 
believe  it,  but  it  is  one  of  the  first  important  things  that  you  must 
li'nrn  in  the  outside  world. 

How  is  this  so?  Thus:  the  young  graduate  has  had  no  experi- 
ence (I  know  there  are  exceptions),  consequently  can  have  no  judg- 
ment, and  therefore  is  absolutely  incapable  of  responsible  initiative. 

Many  people  will  tell  me  I  am  entirely  wrong — that  the  young 
graduate  is  full  to  overflowing  with  judgment — that  he  will  judge 
anything  or  anybody,  and  as  for  initiative,  he  has  the  nerve  and  the 
supreme  self-confidence  to  tackle  any  proposition/ — to  initiate  any- 
thing. Exactly — that  emphasises  what  I  mean, — he  has  no  judg- 
ment— that  is,  no  judgment  that  can  be  depended  upon. 

In  England  they  put  the  embryo  engineer  in  an  incubator — 
that  is — he  is  articled  as  a  pupil  for  one,  two.  or  more  years  to  an 
engineer  of  standing  and  experience,  and  for  this  privilege  he  will 
pay  as  much  as  $1,000  a  year,  and  will  receive  no  pay  of  any  kind 
in  return  for  his  work.  "With  this  idea  I  would  be  wholly  in  accord, 
if  the  conditions  in  the  colonies  permitted  it.  I  would  not  advise 
for  a  colonial  mining  graduate  an  articled  pupilage  in  England;  but 
if  a  'Western  mining  engineer  would  take  him,  he  could  not  possibly 
do  better.  But  out  here  the  conditions  are  different,  and  we  have 
to  face  conditions  as  we  find  them. 

In  the  first  place,  many  of  our  technical  graduates  have  not 
the  means  to  pay  any  pupilage  fees,  nor  even  to  give  their  services 
and  time  for  nothing;  they  must  earn  soon  after  graduation.  And 
again  I  do  not  think  you  could  persuade  any  mining  engineer  in 
active  work  on  this  continent  to  accept  pupilage  fees  or  to  have  about 
him  a  pupil  working  for  nothing. 
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The  young  graduate  must  earn  money,  and  it  is  a  function  of 
the  technical  school  to  leave  him  in  a  position  to  do  this,  and  there 
are  two  or  perhaps  three  or  even  four  branches  of  work  in  whiqh  the 
technical  schools  can  turn  out  commercially  useful  men.  I  refer 
to  assaying  and  surveying,  and  to  a  certain  extent,  draughting. 

The  school  can — if  it  chooses — turn  out  men  who  could  take 
hold  of  the  position  of  assayer  or  of  surveyor  at  any  small  mine,  or 
who  would  make  excellent  assistants  on  a  large  property.  These 
positions  require  practically  no  judgment  or  initiative,  and  the  main 
difference  between  the  work  at  the  school  and  the  work  at  the  mine, 
consists  in  the  rapidity  that  is  required  in  commercial  work,  and 
a  certain  ability  to  make  shift  with  the  anything  but  ideal 
conditions  and  appliances  that  one  may  be  up  against.  If  to  a 
smooth  working  knowledge  of  assaying  and  surveying,  the  young 
graduate  has  added  an  active  knowledge  of  book-keeping  and  cost- 
keeping,  he  has  three  strings  to  his  bow  that  will  earn  him  a  living 
in  any  active  mining  camp. 

It  is  a  common  saying  in  the  AYest  that  if  you  cannot  get  one 
job  you  should  take  two,  by  which  is  meant  that  you  may  often  be 
able  to  get  a  job  as  an  assayer  and  book-keeper  combined  where 
you  could  get  nothing  if  you  applied  for  either  singly.  My 
advice  to  any  technical  school  would  be — make  book-keeping 
and  cost-keeping  and  the  commercial  organisation  of  engineering 
business,  an  important  part  of  your  curriculum.  My  advice  to  any 
student  of  a  school  where  this  is  not  part  of  the  curriculum  is,  to 
take  steps  to  make  a  special  study  of  these  subjects  at  the  earliest 
possible  opportunity. 

Tlie  obtaining  of  a  position  as  assayer  or  surveyor,  and,  from 
that  position,  studying  the  actual  working  conditions  of  a  mine,  to 
be  ready  for  further  advancement  in  your  profession,  is  the  orthodox 
method. 

The  surveyor  has  the  better  opportunity — he  is  here,  there 
and  ever^'where  on  the  property — mixed  with  everybody  and  sees 
everything  that  is  going  on,  and  will  be  more  naturally  given  the 
position  of  acting  manager  or  assistant  manager. 

However,  before  going  any  further,  let  us  consider  more  fully 
the  functions  of  the  first  few  years  after  graduation.  The  first 
function  doubtless  is  the  earning  of  a  living,  and  the  orthodox  way 
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of  doing  this  I  have  outlined.  But  if  you  stop  at  that,  you  will  never 
be  an  engineer.  The  main  function  is  to  get  experience — wide, 
varied  experience — of  -everything  you  will  need  in  after  years.  An- 
other function  is  to  make  professional  friends,  but  the  main  point 
is  experience. 

In  your  8.  P.  S.  course  you  have  had  a  most  excellent  training. 
You  have  been  trained  to  think — to  reason — to  read  and  to  a  certain 
extent  to  observe — you  have  been  trained  to  ask  the  question  "  why  ?'' 
and  to  make  an  effort  to  rationally  answer  that  question.  You  have 
learnt  much  about  the  physical  laws  underlying  all  engineering 
problems.  The  excavations  have  been  dug  and  a  very  substantial 
foundation  has  been  laid  for  a  very  elaborate  superstructure;  and 
further  than  this,  the  skeleton  steel  frame  work  has  been  in  part 
erected;  and  even  still  further,  if  the  material  for  further  erection 
has  not  been  gathered,  the  method  of  obtaining  it  has  at  least  been 
indicated.  You  can  live  in  the  cellar  if  you  like,  but  that  will 
never  make  a  house  of  it — you  will  never  be  an  engineer.  You 
must  build  on  the  foundation.  You  must  fill  in  the  skeleton  frame 
work — you  must  erect  extensions  to  your  frame  work — this  you 
must  do  alone.  Nobody  else  can  do  it  for  you.  The  elaborating  of 
the  structure  is  by  personal  experience. 

In  my  student  days  Prof.  Galbraith  advised  us  to  devote  the 
first  ten  years  after  graduating  to  the  sole  function  of  gaining  a 
varied  experience.     I  think  this  most  excellent  advice. 

No  matter  what  position  you  hold  you  will  be  gaining  experi- 
ence, and  to  gain  a  varied  experience  you  must  not  stay  too  long 
in  one  position.  But  you  must  not  trust  to  hap-hazard  luck  in  the 
positions  you  get.  There  are  several  points  to  be  remembered.  In 
the  first  place  in  your  early  days  you  can  do  things  that  later  on 
in  your  professional  life,  you  could  not  do.  For  instance,  on  gradu- 
?ting  you  could  work  as  a  mucker  or  common  labourer  underground 
' — or  you  might  innocently  be  employed  by  some  notoriously  corrupt 
men  or  companies.  In  neither  case  would  your  reputation  suffer 
and  yon  would  be  the  gainer  by  some  valuable  knowledge. 

The  most  prominent  feature  of  mining  work  in  all  parts  of  the 
world  (and  in  Canada  and  in  Ontario  have  we  had  most  scandalous 
examples  of  it)  is  the  extreme  corruption,  crookedness  and  dis- 
honesty that  frequently  accompanies  it.     This  exists  to  a  degree 


78      YOUNG   GRADUATE — PROFESSION   OF   MINING    ENGINEERING. 

Ijc-yond  all  conception  by  those  who  have  not  actually  seen  it.  If 
you  keep  this  fact  in  view  and  remain  always  ready  to  quit  a  job 
when  it  looks  dirty,  you  can  in  your  early  years  take  pretty  nearly 
anything  you  can  get,  but  later  on  you  must  be  more  careful  what 
you  do.  Then  the  main  point  would  be  to  get  near  good  men,  near 
good  companies  and  successful  concerns. 

In  your  early  years  there  are  several  very  unorthodox  things 
that  I  would  advise.  In  all  mining  work  the  biggest  item  is  for 
labour,  and  there  is  no  other  item  of  expenditure  in  which  money 
may  be  lost  or  saved  to  the  same  extent.  The  human  machine  is 
not  only  the  most  nsed,  but  it  is  the  most  complex,  and  to  be  a.  suc- 
cessful mining  man  you  must  understand  your  workman.  The  best 
place  to  study  your  workingman  is  alongside  of  him.  I  strongly 
advise  every  young  mining  graduate  to  work  as  a  mucker  or  trammer 
imderground  in  some  fairly  large  mine.  To  do  this  properly  you 
must  do  it  thoroughly  and  drop  all  your  engineering  business,  and 
your  diploma  and  all  that,  and  get  into  dirty  overalls  and  get  your 
job  from  the  foreman  and  sleep  in  the  bunk-house  and  kee])  away 
from  the  office.  This  I  know  is  often  advised,  and  in  Cornwall  and 
Freiberg  there  are  regular  practical  courses  underground  where  the 
stndents  play  more  or  less  seriously  at  work  and  learn  after  a  fashion 
to  swing  a  hammer. and  frame  a  set.  Candidly  I  don't  think  much 
of  that — I  do  not  see  that  such  work  is  of  very  much  use,  and 
in  those  practical  courses  yoii  don't  learn  anything  of  the  men — 
you  don't  get  round  to  their  point  of  view.  This  to  my  mind  is 
the  essential  point,  and  my  advice  is  to  get  a  mucker's  job  and  hold  it 
at  least  over  one  pay  day  and  over  several  if  you  can.  It  will  hurt 
and  it  will  l)c  liard,  but  it  Avill  be  worth  it. 

Again,  if  you  have  any  inclination  towards  carpenter's  work  or 
machine  fitting  or  any  opportunity  to  follow  up  such  work,  I  say 
by  all  means  do  so.  I  know  of  no  better  qualification  for  a  young 
man  seeking  mining  experience  than  a  knowledge  of  machine  fitting. 
There  is  no  part  of  a  mine  free  from  machinery,  and  the  fitter  is 
wanted  everywhere  and  gets  a  job  more  easily  than  any  other  class  of 
skilled  or  semi-skilled  workman  :  while  a  carpenter  can  often  get  a  job 
on  mill  construction  or  the  like  that  will  give  him  an  insight  into  con- 
struction that  he  could  get  in  no  other  way.     These  are  not  short 
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cuts  to  success  or  by-paths — they  are  stepping  stones  and  most  valu- 
able ones  at  that.  I  would  strongly,  advise  the  mining  student  to 
spend  at  least  one  of  his  summers  in  a  machine  shop  or  a  carpenter's 
shop,  I  would  consider  this  better  than  a  summer  spent  in  an  assay 
office,  on  survey,  or  in  a  mine. 

The  next  question  is  as  to  where  the  young  graduate  is  to  go  on 
graduation.  Into  the  question  of  a  post-graduate  course  I  cannot 
go  beyond  saying  that  I  am  in  favour  of  a  post-graduate  course, 
and  would  slill  recommend  Freiberg  despite  all  the  advances  made 
by  technical  schools  on  this  continent. 

After  the  completion  of  his  technical  course  he  should  go  to 
some  active  mining  camp,  and  I  certainly  would  choose  the  Western 
States,  I  am  enthusiastically  a  Canadian,  but  I  do  not  advise  the 
young  mining  engineer  io  remain  in  Canada.  He  should  go  to  an 
older  mining  country  for  his  experience,  and  the  United  States — 
the  Western  States — has  trained  and  still  is  training  the  world's 
most  prominent  engineers.  And  when  you  go  west  leave  your 
diploma  behind  you,  also  your  testimonials  and  recommendations, 
{You  will  be  looking  only  for  suljordinate  positions,  and  for  these 
positions  men  will  size  you  up  by  looking  at  you  and  will  discharge 
you  as  casually  as  they  engage  you,  Never  be  afraid  of  quitting  a 
a  job.  It  is  no  disgrace — very  often  it  is  not  a  bad  thing  to  be 
discharged,  A  willingness  to  turn  your  hand  to  anything  and  ever}^- 
thing  that  comes  your  way  and  do  it  with  your  best  ett'ort,  are  traits 
that  will  help  you  more  than  others.  It  will  be  several  years  before 
you  get  to  what  your  heart  pines  for — that  is.  real  engineering  work 
— but  you  must  not  neglect  it  for  that  reason;  your  eyes  must 
always  be  open  to  everything  about  you,  and  you  must  read  every- 
thing you  can  lay  your  hands  on, — technical  magazines  and  cata- 
logues in  particular. 

You  will  probably  find  the  life  a  hard  one,  full  of  painful 
physical  effort — full  of  misunderstandings  and  disappointments. 
Hope  will  be  long  deferred.  Your  scientific  attainments  will  seem 
lost — swallowed  up  by  chance  and  the  force  of  circumstances.  You 
will  think  you  are  losing  all  your  finer  feelings — your  social  niceties; 
the  latest  operas  and  plays  will  hardly  be  known  by  name  to  you 
and  the  popular  airs  will  be  three  years  old  when  they  reach  you. 
Life  will  be  anything  but  a  soft  snap  and  your  only  consolation  will 
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often  be :  "Well,  it's  good  experience,  and  anyway,  it's  all  in  the  day's 
work!"  You  will  find  that  you  will  have  to  give  up  very  much,  if 
not  all  that  went  to  make  life  pleasant,  and  you  will  get  in  return — 
if  you  are  lucky — work — and  in  many  years — if  you  are  luck}- — well 
paid  work. 

But  you  will  see — and  if  your  eyes  are  open,  life  will  be  very 
full — you  will  play  your  own  game  with  a  freedom  and  a  scope  un- 
known in  any  other  profession.  You  will  have  opportunities  to 
carry  your  tendencies  to  the  full.  You  will  be  with  men  and  you 
will  work  with  men,  and  the  conditions  and  surroundings  will  be  such 
as  to  bring  out,  in  full  prominence,  the  characters  good  and  bad  of 
men.  Veneer  and  polish  Avill  be  absent,  and  if  you  are  a  lover  of 
men  you  will  love  your  life.  If  you  want  an  easy  life  leave  mining 
alone.  If  you  are  not  a  tramp  and  want  everything  settled — if  you 
are  contemplating  early  marriage — don't  go  in  for  mining,  for  you 
will  have  to  live  and  work  where  it  would  not  be  fair  to  take  her. 

Let  me  finish  up  by  giving  you  some  disconnected  bits  of  advice 
on  matters  in  general. 

Treat  every  friend  as  if  some  day  he  might  be  your  enemy,  and 
treat  your  enemy  as  if  some  day  he  might  be  your  friend. 

In  making  investigations  or  examinations  take  absolutely 
nothing  for  granted. 

Trust  everybody  hut  cut  the  cards. 

Keep  your  face  shut. 

In  everything  remember  first  that  you  are  a  professional  man. 

Kipling  says: — 

"  There  are  nine  and  sixty  ways  of  construfcting  tribal  lays, 
And  every  single  one  of  them  is  right."' 

There  are  also  nine  and  sixty  ways  of  skinning  a  cat  or  doing 
anything  else,  and  very  often  every  single  one  of  them  is  right;  it 
depends  on  circumstances. 

In  other  -words,  different  circumstances  will  demand  different 
methods.     Do  not  be  afraid  of  new  methods. 

Nelson,  B.C.,  February,  1902.  ' 


THE   POSITION    OF    AN   ENGINEER    AS    ARBITRATOR   UNDER 

THE   CONTRACT. 


Angus  MacMurchy. 


The  employer  appoints  the  engineer  under  the  contract,  and 
the  contractor  has  to  accept  him.  He  has  no  choice  or  option  in 
that  matter.  Not  only  must  the  contractor  execute  the  works  in 
accordance  with  the  directions  of  the  engineer  under  the  contract, 
"but  the  engineer  is  usually  made  the  sole  judge  of  the  quality  and 
sufficiency  of  the  works  when  executed,  and  the  engineer  is  also 
most  frequently  made  the  final  judge  in  any  dispute  arising  under 
the  contract  between  the  employer  and  contractor.  Thus  it  will 
"be  seen  that  the  functions  of  the  engineer  as  arbitrator  are  both 
extensive  and  important. 

The  engineer  is  responsible  to  his  employer  under  the  contract; 
to  the  contractor  he  is  responsible  by  law  only  in  case  of  fraud  or 
misconduct.  In  legal  phraseolog}^  there  is  privity  between  the  em- 
ployer and  the  engineer,  but  there  is  no  privity  between  the  con- 
tractor and  the  engineer.  The  consequence  of  this  is  that  the  con- 
tractor has  a  cause  of  action  against  the  employer  only,  unless  the 
engineer  has  been  guilty  of  fraud  or  deceit  while  acting  under  the 
contract.  But  the  contractor  in  a  proper  case  has  an  action  against 
the  engineer  for  negligence  in  the  discharge  of  his  duties. 

For  ma^y  •  -i-poses,  the  acts  of  the  engineer  and  the  owner  or 
comrtar-'        ,r  ,    him   are   identical   or   rather   equivalent.     As 

>"r.v/orth,    his    position    is    not    quasi    judicial. 
L.    _  .  i;y.  Co.,  (1854)  5  H.  L.  C.  at  p.  89. 

If  an  engineer  acts  bona  fide  according  to  the  contract,  that  is 
quite  enough  to  make  his  acts  valid  and  binding  upon  the  contractor. 
So  long  as  the  engineer  has  no  concealed  interest  in  the  contract  or 
secret  relationship  to  the  parties  that  will  certainly  bias  his  judg- 
ment, his  acts  will  receive  due  weight,  in  fact  he  may  almost  be 
called  the  judge  in  his  own  case. 

s.p.s.  $ 
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The  contractor,  however,  is  not  ahva}^s  bound  by  the  decision 
of  the  engineer,  as,  for  instance,  in  a  case  decided  in  1818,  Kemp  v. 
Eose,  1  Giff.  258,  the  builder  was  bound  by  the  contract  to  accept 
the  decision  and  certificate  of  the  architect  as  to  the  amount  to 
be  paid  for  his  work,  but  the  builder  did  not  know  that  the  archi- 
tect had  promised  the  employer  that  the  work  would  not  cost  more 
than  a  certain  sum — in  that  case  the  Court  did  not  consider  the 
decision  of  the  architect  made  under  such  a  bias  binding. 

The  last  reported  case  on  this  subject  comes  from  Chatham  and 
is  just  to  hand.  There  the  superintendent  under  the  contract  was 
the  uncle  and  "  drowned  in  debt "  to  the  owner.  This  was  un- 
known to  the  contractor,  who  brought  an  action  to  recover  the 
balance  claimed  by  him  without  procuring  the  superintendent's 
certificate.  It  was  held  by  the  Court  of  Appeal,  Chief  Justice 
Armour's  vigorous  intellect  brushing  aside,  as  usual,  formal  and  tech- 
nical legal  defences,  that  the  relationships,  "family  and  financial,'* 
of  the  superintendent  to  the  defendant  owner,  for  whom  the  house 
Avas  built,  should  have  been  disclosed  to  the  plaintiff  contractor,  and 
that  under  the  circumstances  the  plaintiff  was  not  bound  to  ol^tain 
the  certificate  required  by  the  contract  from  the  superintendent 
at  all. 

Ludlam  v.  Wilson,  (1901)  2  0.  L.  R.  549. 

This  whole  subject  of  the  circumstances  under  which  a  con- 
tractor is  dispensed  from  the  necessity  of  procuring  the  final  certifi- 
cate called  for  b}^  the  contract  Avas  much  discussed  in  a  notable  case 
in  our  own  Courts  some  ten  years  ago,  that  of  Conmee  v.  C.  V.  R., 
which  lasted  for  seven  years  in  the  Courts  with  varj'ing  fortune  to 
either  jiarty,  judgment  being  given  at  the  trial  without  a  final  cer- 
tificate in  favour  of  the  contractors  for  upwards  of  a  quarter  million 
dollars,  Avhich  was  compromised  for  a  much  smaller  amount  after 
appeals  to  the  Court  of  Appeal  and  Supreme  Court. 

Before  proceeding  to  discuss  some  of  the  more  recently  decided 
cases  to  further  illustrate  these  remarks,  let  me  read  a  portion  of 
one  of  the  clauses  (from  the  present  form  of  contract  used  by  the 
City  of  Toronto)  constituting  the  engineer  the  sole  judge: — 

Z  20.  "  Should  any  discrepancies  appear,  or  differences  of 
"  opinion  or  misunderstanding  arise,  as  to  the  meaning  of  the  Con- 
"  tract  or  of  the  General  Conditions,  Specifications  or  Plans,  or  as 
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*  to  any  omissions  therefrom,  or  misstatements  therein,  in  any 
*'  respect,  or  as  to  the  quality  or  dimensions,  or  sufficiency  of  tne 
"  materials,  plant  or  work,  or  any  part  thereof,  or  as  to  the  clue 
"  and  proper  execution  of  the  works,  or  as  to  the  measurement 
''  or  quantity  or  valuation  of  any  works  executed,  or  to  be  executed 
"  under  the  contract,  or  as  to  extras  thereupon,  or  deductions 
"  therefrom,  or  as  to  any  other  questions  or  matters  arising  out  of  the 
"  contract,  the  same  shall  be  determined  by  the  Engineer  .  .  . 
"  and  his  decision  shall  be  final  and  binding  upon  all  parties  con- 
"  cerned,  and  from  it  there  shall  be  no  appeal." 

The  result  of  many  decided  cases  is  the  introduction  into  such 
contracts  of  many  safeguards  and  restrictions  drawn  from  wisdom 
learned  by  experience.  Now,  let  us  glance  at  a  few  of  the  judg- 
ments in  which  such  similar  provisions  have  been  discussed  by 
eminent  Judges  in  England  and  Canada. 

JACKSON    V.    BARRY    RAILWAY    COMPANY    (1892),    1    Ch.    Div.    p.    258. 

Arbitration — Unfitness  of  Arbitrator — Injunction — Jurisdiction. 
A  contract  by  which  the  plaintiff  undertook  to  construct  a 
dock  for  the  defendant  company,  provided  that  any  dispute  between 
the  company  and  the  contractor  as  to  the  meaning  of  any  part  of 
the  contract,  or  as  to  the  quality  or  description  of  the  materials 
to  be  used  in  the  works,  should  be  referred  to  the  company's  engi- 
neer as  arbitrator.  The  dispute  arose  whether  the  contract  required 
the  interior  of  a  certain  embankment  to  be  made  of  stone,  or 
whether  rocky  marl  was  allowable,  so  that,  if  the  contractor  by  the 
direction  of  the  engineer  used  stone,  he  would  be  entitled  to  be  paid 
for  it  as  an  extra.  A  correspondence  took  place  between  the  con- 
tractor and  the  engineer,  in  which  the  engineer  stated  his  view  to 
be  that  the  contract  bound  the  contractor  to  use  stone,  and  that 
it  was  not  an  extra.  The  company  then  referred  the  dispute  to  the 
arbitration  of  the  engineer.  After  this  reference,  and  on  the  dav 
for  which  the  first  appointment  had  been  made,  the  engineer  wrote 
to  the  contractor  a  letter  in  which  he  repeated  his  former  view. 
The  plaintiff  brought  this  action  to  restrain  the  company  from 
proceeding  further  with  the  arbitration. 

Kekewich,  J.,  held  that  the  last  letter  showed  that  the  engineer 
had  finally  made  up  his  mind  on  the  point,  and  was,  therefore, 
disqualified  to  act  as  arbitrator,  and  granted  an  injunction. 
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Held,  on  a^Dpeal,  that,  considering  the  position  of  the  engineer 
who,  as  engineer  of  the  company,  must  necessarily  have  already 
expressed  an  opinion  on  the  point  in  dispute,  his  writing  after  the 
commencement  of  the  arbitration  a  letter  repeating  the  same  opinion 
would  not  disqualify  him  from  acting  as  arbitrator,  unless,  on  the 
fair  consideration  of  the  letter,  it  appeared  that  he  had  made  up 
bis  mind  so  as  not  to  be  open  to  change  it  upon  argument: 

Held  by  Lindley  and  Bowen,  L.JJ.  (Dissentiente  A.  L.  Smith, 
L.J.),  that  the  letter  in  question  did  not,  upon  its  fair  construction, 
show  that  the  engineer  had  precluded  himself  from  keeping  his 
mind  open,  and  that  the  injunction  ought  to  be  dissolved;  and 
whether  there  was  Jurisdiction  to  grant  it,  quaere. 

Bowen,  L.J.:  It  was  an  essential  feature  between  the  plain- 
tiff and  the  railway  company  that  a  dispute  such  as  that  which  has 
arisen  between  the  plaintiff  and  the  company's  engineer  should  be 
finally  decided  not  by  a  stranger  or  a  wholly  unbiassed  person,  but 
by  the  company's  engineer  himself.  Technically  the  controversy  is 
one  between  the  plaintiff  and  the  railway  company;  but  virtually 
the  engineer,  on  such  an  occasion,  must  be  the  judge,  so  to  speak, 
in  his  own  quarrel.  Employers  find  it  necessary  in  their  own 
interests,  it  seems,  to  impose  such  -terms  on  the  contractors  whose 
tenders  they  accept,  and  the  contractors  are  Avilling  in  order  that 
V'eiT  tenders  should  be  accepted,  to  be  bound  by  such  terms.  It  is 
no  part  of  our  duty  to  approach  such  curiously  coloured  contracts 
with  a  desire  to  upset  them  or  to  emancipate  the  contractor  from 
the  burden  of  a  stipulation  which,  however  onerous,  it  was  worth 
his  Avhile  to  agree  to  bear.  To  do  so  would  be  to  attempt  to  dic- 
tate to  the  commercial  world  the  conditions  under  which  it  should 
carry  on  its  business.  To  an  adjudication  in  such  a  peculiar  refer- 
ence the  engineer  cannot  be  expected,  nor  was  it  intended,  that  he 
should  come  with  a  mind  free  from  the  human  weakness  of  a  pre- 
conceived opinion.  The  perfectly  open  judgment,  the  absence  of 
all  previously  formed  or  pronounced  views,  which  in  an  ordinary 
arbitrator  are  natural  and  to  be  looked  for,  neither  party  to  the 
contract  proposed  to  exact  from  the  arbitrator  of  their  choice. 
They  knew  Avell  that  he  possibly  or  probably  would  be  committed 
to  a  prior  view  of  his  own,  and  that  he  might  not  be  impartial  in 
the  ordinary  sense  of  the  word.  Whof  thej/  relied  on  was  his  pro- 
fessional honour,  his  position,  his  intelligence:   and   the  contractor 
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certainly  had  a  right  to  demand  that  whatever  views  the  engineer 
miglit  have  formed,  he  would  be  ready  to  listen  to  argument,  and, 
at  the  last  moment,  to  determine  as  fairly  as  he  could,  after  all 
had  been  said  and  heard.     The  question  in  the  present  appeal  is, 
whether  the  engineer  of  the  company  has  done  anything  to  unfit 
himself  to  act,  or  render  himself  incapable  of   acting,   not  as   an 
arbitrator  without  previously  formed  or  even  strong  views,  but  as 
an  honest  Judge  of  this  very  special  and  exceptional  kind.     I  will 
assume  (without  deciding)  what  was  assumed  by  both  sides,  in  the 
argument  at  the  bar,  that  the  point  before  us  is  properly  raised  in 
such  an  action  as  the  i3resent,  and  consider  the  matter  entirely  on 
its  merits.     That  the  letter  of  the  2nd  of  August  shows  Mr.  Barry 
to  have  had,  and  retained  up  to  the  opening  of  the  arbitration,  a 
rooted  view  that  the  contractor  was  wrong,  is  obvious.     This,  Mr. 
Barry  may  not  have  been  able  to  avoid.     Has  he,  then,  disqualified 
himself  from  pursuing  the  function  of  such  an  arbitrator  as  the 
contract  contemplates,  by  informing  the  contractor,  in  answer  to 
the  contractor's  controversial  letter,  of  what  the  contractor,  I  am 
convinced,  well  knew  already,  viz.:  that  Mr.  Barry  wholly  disagreed 
with  him?     I  cannot  see  that  the  letter  of  the  2nd  of  August  war- 
rants the  inference  that  Mr.  Barry  would  not  or  could  no  longer 
do  his  best,  when  the  matter  finally  came  before  him  and  his  legal 
assessor,  to  decide  honestly  between  his  own  distinct  view  and  that 
of  the  contractor.     He  restates,  it  is  true,  what  he  had  already 
stated,  and  I  daresay  he  thought  it  fair  and  honest  towards  the 
contractor  to  do  so.     I  should  agree  with  my  brother  Kekewich's 
judgment,  if  I  thought  the  letter  of  the  2nd  of  August  amounted 
to  an  intimation  that  the  contractor  would  not  be  patiently  listened 
to  and  receive  at  the  last  an  honest  decision.     Where  I  differ  from 
my  brother  Kekewich  is,  that  he  seems  to  me  not  to  have  made 
sufficient  allowance  for  the  very  special  character  which  by  the  con- 
tract this  arbitrator  had  to  fulfil,  and  to  have  required  from  the 
engineer  of  the  company,  who    must    necessarily    be    a    somewhat 
biassed  person,  but  by  whose  decision,  nevertheless  (fairly  given), 
the  ])artics  had  contracted  to  be  bound — the  kij  inipartialitj/  of  a 
Jihodaniant/iiis.     The  difliculty  in  the  contractor's  way  arises,  not 
from  the  engineer's  utterances  in  the  letter  of  the  2jid  of  August, 
but  from  the  fact  that  the  contractor,  by  his  contract,  had  pledged 
himself  to  submit  this  very  dispute  that  has  arisen  to  the  person 
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■with  whom  he  virtually  is  waging  it.  The  contractor  is,  as  it 
appears  to  me,  catching  at  a  straw;  endeavouring  on  the  ground 
that  the  engineer  had  revealed  a  view  which  every  one  was  aware 
he  entertained,  to  escape  from  an  onerous  arbitration  clause  whicn 
the  contractor  accepted  as  part  of  the  consideration  for  his  bargain. 
To  release  him  on  such  a  pretext  would  be  to  dissolve  his  obliga- 
tions under  the  contract  and  to  substitute,  by  force  of  the  power 
of  this  Court,  a  wlwlly  different  and  far  more  agreeable  hind  of  arhitra- 
mfnt  before  either  some  stranger  or  a  jury  of  strangers,  a  tribunal 
which  it  was  the  express  object  of  this  contract  to  exclude. 

For  these  reasons  I  differ  from  my  brother  Ivekewich,  wi^h 
whose  views  as  to  the  importance  of  judicial  impartiality  I  entirely 
coincide,  regarding  them  only  as  not  quite  applicable  to  this  special 
case,  in  which  it  was  part  of  the  very  bargain  that  the  scales  of 
]ustice  in  the  case  of  a  dispute  need  not  be  held  in  a  neutral  or 
wholly  indifferent  hand.  i 

MCXAMEE  V.  TORONTO  (1893),  24  0.  E.  313. 

By  contract  between  contractor  and  city  for  additions  and 
improvements  to  its  waterworks  system,  all  differences  were  referred 
to  the  award  of  one  H.,  superintendent  in  charge  of  the  waterworks. 

Held  that  H.,  being  superintendent,  did  not  disqualify  him 
from  being  arbitrator,  and  on  the  evidence  no  cause  existed  to 
restrain  him  from  proceeding  with  arbitration: 

Causes  urged:  H.  furnished  estimates  of  costs  of  work  to  city, 
which  were  acted  upon  in  accepting  plaintiff's  tender  unknown  to 
plaintiff  when  he  executed  the  contract. 

Held,  the  fact  that  the  supcrinfendent  signed  certificate  as  to 
penalties  to  be  deducted  did  not  show  he  had  prejudged  the  case. 

Boyd,  C:  The  Scotch  cases  show  that  when  arbitrator  named 
is  also  engineer  of  works,  anything  he  says  or  does  falling  within 
bis  ordinary  functions  as  engineer  does  not  disqualify  him  as 
arbitrator;  this  results  from  his  dual  character — in  one  relation 
acting  as  agent  or  representative  of  proprietors,  and  in  the  other 
changing  his  function  to  that  of  a  judge  wlio  is  to  hear  both  sides 
before  he  decides  the  matter  in  dispute. 
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IVES    AND    BARKER    V.    WILLANS    (1894),    2    Ch.    478. 

An  arbitration  clause  referring  disputes  to  the  engineer  of  one 
party  cannot  be  disregarded  on  the  ground  that  the  engineer  is  in 
substance  a  judge  in  his  own  case,  unless  there  is  sufficient  reason 
to  suspect  that  he  will  act  unfairly. 

Provision:  "If  any  question,  difference  or  dispute  shall  arise 
between  company  and  contractor  touching  the  construction  or 
meaning  of  anything  contained  in  these  presents  or  in  said  specifica- 
tions, etc.,  or  as  to  any  works,  plant,  material,  etc.,  which  the  com- 
pany may  require  the  contractor  to  do,  or  any  extra  work  ordered 
or  as  to  price  to  be  charged,  or  moneys  alleged  to  be  due,  or  rlgnts 
and  liabilities  of  either  parties,  etc.,  the  matter  or  difference  shall  be, 
referred  to  the  engineer,  whose  decision  thereon  will  be  final  and 
conclusive  on  both  parties." 

Lindley,  L.J.,  says: — "That  is  a  very  stringent  provision  and 
one  is  surprised  at  first  that  any  contractor  should  submit  to  be 
bound  so  tightly,  because  a  dispute  between  contractor  and  com- 
pany is  in  substance  a  dispute  between  contractor  and  engineer, 
whose  business  it  is  to  see  that  works  are  done  for  the  company 
according  to  agreement,  plans  and  specifications;  and  the  real 
agreement  between  the  contractor  and  company  is  that  if  there  is 
any  dispute  between  them,  the  engineer  can  tell  the  contractor 
■what  to  do,  and  order  him  to  do  what  he  likes  consistently  with  the 
agreement,  his  decision  must  be  final." 

The  learned  Judge  gives  two  reasons.  First:  Competition  for 
this  kind  of  work  is  very  keen  and  contractors  compete  with  each 
other  to  get  it.  Second :  It  has  been  ascertained  by  long  experience 
that  engineers  of  the  highest  character  may  he  trusted,  and  when  a 
contractor  enters  into  such  a  very  stringent  provision  such  as  this 
he  knows  the  man  he  has  to  deal  with. 

ECKERSLEY  V.  MERSEY  DOCKS  &  HARBOR  BOARD   (1894),  2   Q.   B.   Q6. 

The  rule  which  applies  to  a  Judge  or  other  person  holding 
judicial  office,  viz.,  that  he  ought  not  to  hear  causes  in  which  he 
might  be  suspected  of  a  bias  in  favour  of  one  of  the  parties,  does 
not  apply  to  an  arbitrator  named  in  a  contract,  to  whom  the  parties 
have  agreed  to  refer  disputes  which  may  arise  between  .them  under 
it.  In  order  to  justify  the  Court  in  saying  that  such  an  arbitrator 
is  disqualified  from  acting,  circumstances  must  be  shown  to  exist 
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which  established  at  least  a  probability  that  he  will  be  in  fact 
biassed    in  favour  of  one  of  the  parties  in  giving  his  decision. 

This  was  a  dispute  between  the  contractors  and  the  board  above 
named,  in  which  the  former  claimed  that  by  the  negligence  or  incom- 
petence of  the  assistant  engineer,  who  was  the  son  of  the  engineer 
under  the  contract,  water  had  escaped  into  the  Canada  Dock  which 
they  were  excavating,  causing  them  delay  and  loss.  The  contractors 
commenced  an  action  claiming  it  should  not  be  stayed  under  arbi- 
tration clause,  because  of  probability  of  bias  of  engineer  in  favour  of 
defendants,  and  that  engineer's  son  hoped  to  succeed  his  father  in 
the  post  of  engineer  to  board. 

That  eminent  Judge,  Lotd  Esher,  said: — 

"  It  seems  to  be  admitted  that  if  the  engineer  had  to  consider 
whether  he  had  himself  given  a  negligent  or  unskilful  or  incom- 
petent order,  it  could  not  be  said  that  the  Court  would  be  justified  in 
directing  that  the  matter  would  not  be  referred  to  him,  but  the  Court 
is  asked  to  act  because  such  an  order  was  given  by  his  son;  i.e.,  a 
man  who  could  not  be  biassed  in  Judging  of  his  own  acts  would  be 
biassed  to  give  a  decision  in  favour  of  his  son  which  he  knew  to  be 
wrong.     I  cannot  take  that  view  of  human  nature." 

"  Where  you  have  a  man  of  high  character,  one  whose  char- 
acter for  impartiality  cannot  be  impeached  when  he  has  to  decide 
as  to  his  own  conduct,  to  say  such  a  man  would  not  have  enough 
honesty  and  strength  of  mind  to  act  impartially  when  his  son's 
conduct  came  in  question,  is  a  statement  which  I  cannot  accept.  I 
do  not  believe  it  in  this  particular  case." 

•GOOD  V.  T.  H.  &  B.  R.  CO.  (1899),  26  A.  R.  133. 

The  rule  that  a  contractor  is  bound  by  a  condition  in  his  con- 
tract making  tlie  employer's  engineer  the  interpreter  of  the  contract 
and  the  arbiter  of  all  disputes  arising  under  it,  does  not  extend  to 
a  case  where  a  named  engineer,  while  in  fact  the  engineer  of 
the  employer,  is  described  in  the  contract  as,  and  is  supposed  by 
the  contractor  to  be,  the  engineer  of  a  third  person. 

In  a  contract  between  Good  and  a  construction  company,  the 
engineer  named  was  that  of  the  railway  company.  The  construction 
company  in  reality,  though  unknown  to  the  contractor,  controlled 
the  railway  comjwny,  and  the  engineer  was  really  paid  by  them. 
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This  was  also  unknown  to  the  contractor.  The  final  certificate  was 
not  given  under  the  contract,  but  x\rmour,  C.J.,  held  that  this  did 
not  disentitle  the  contractor  from  payment  for  his  claim,  the 
engineer  being  "  Young's  man  from  the  beginning,"  Young  formed 
the  construction  company,  and' the  construction  company  controlled 
the  railroad  company.  The  learned  Chief  Justice  said  that  the  con- 
tractor was  entitled  to  say  upon  discovering  the  arrangement  be- 
tween the  engineer  and  construction  company :  "  He  is  not  our 
choice  as  judge  under  this  contract,  and  we  repudiate  our  being 
bound  by  the  term  of  the  contract  which  requires  a  certificate  from 
him;"  and  Mr.  Justice  Osier  held  that  the  contractor  had  the  right 
to  assume  that  the  engineer  was  not  the  servant  or  agent  of  the  con- 
struction company,  not  their  salaried  official,  that  he  owed  no  duty  to 
them  as  having  been  employed  by  them,  and  that  he  was  indepen- 
dent of  them.  ! 
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Since  the  earliest  clays  of  electrical. engineering  the  superiority 
of  copper  as  a  conductor  for  commercial  use  has  been  undisputed. 
The  high  specific  conductivity  of  copper  (almost  equal  to  that  of 
silver),  the  ease  with  which  it  can  he  drawn  into  wires,  and  the  high 
tensile  strength  of  such  wires,  only  exceeded  by  steel  and  iron,  are 
properties  which  have  rendered  the  metal  invaluable  for  electrical 
purposes.  In  addition-  to  this,  the  metal  can  be  freed  from  its  im- 
purities, and  a  very  uniform  product  obtained  by  comparatively 
inexpensive  processes. 

Within  the  last  two  or  three  years,  however,  the  absolute  rule 
of  copper  in  the  electrical  world  has  been  somewhat  shaken  by  the 
rapid  advances  made  in  the  manufacture  of  aluminum.  Undoubt- 
edly the  abnormally  high  price  of  copper  during  the  past  three  years 
has  been  largely  instrumental  in  bringing  to  notice  the  claims  of 
aluminum;  and  whether  the  latter  will  ultimately  displace  copper 
for  some  purposes  is  largely  a  matter  of  conjecture.  Though  but 
recently  introduced,  aluminum  has  been  used  for  several  long  trans- 
missions on  this  continent  and  in  Europe,  and  great  interest  is  being 
manifested  in  the  results  obtained  on  these  lines. 

Aluminum  can  hardly  be  said  to  have  attained  importance  as  a 
commercial  product,  or.  at  any  rate,  as  a  rival  of  copper,  as  the 
following  figures  will  show: — 
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For  the  year  1900— 

The  world's  output  of  aluminum  was  G,150  tons,  of  which  2,225 
tons  were  produced  in  the  United  States. 

The  output  of  copper  for  the  same  year  was  543,000  tons,  the 
United  States  producing  300,000  tons. 

(Thus  the  output  of  aluminum  was  only  about  1.1%  that  of 
copper. 

On  this  continent  the  only  company  manufacturing  aluminum 
i^  the  Pittsburg  Eeduction  Company,  operating  works  at  Niagara 
Falls,  N.Y.,  and  at  Shawinigan  Falls,  RQ.  During  the  past  year  or 
two  this  company  has  hardly  been  able  to  keep  pace  with  the  demand 
for  its  product. 

In  Europe  there  are  six  firms  engaged  in  the  reduction  of  alu- 
minum from  its  ores,  one  of  these  being  an  English  company.  The 
methods  employed  are  for  the  most  part  secret,  but  in  all  cases  the 
process  involves  the  use  of  electric  current  in  a  bath  of  fused  electro- 
lyte. It  may  also  be  said  that  all  the  European  companies  manu- 
facture calcium  carbide,  though,  of  course,  this  is  an  entirely  dis- 
tinct branch  of  their  business,  the  process  being  quite  ditferent 
from  that  of  aluminum  reduction. 

The  price  of  aluminum  to-day  is  in  the  neighborhood  of  30c. 
per  lb.,  while  llii'  price  of  copper  being  controlled  largely  by  trusts 
and  subject  to  the  trickery  of  the  stock  market,  has  in  the  last  year 
rauged  from  19c.  to  12c.  per  lb.  Considering  the  relative  specific 
gravities  and  conductivities  of  the  two  metals  for  any  given  trans- 
mission, the  weight  of  aluminum  required  is,  roughly,  lialf  the 
weight  of  copper.  Consequently  at  30c.  per  lb.  aluminum  is  equiva- 
lent to  15c.  copper;  and  at  20e.  per  lb.  would  be  as  cheap  as  copper 
at  10c.  Thus,  though  the  aluminum  industn,'  is  still  young,  the 
metal  can  to-day  be  put  on  the  market  at  a  price  equivalent  to  tbat 
of  copper  as  a  conductor;  and  it  seems  probable  that  as  their  output 
increases  the  manufacturers  will  be  able  to  produce  the  metal  at 
still  lower  prices. 

Specific  Grarilij. — Considering  the  properties  of  the  two  metals 
as  affecting  their  use  as  conductors,  we  have  first  the  specific  gravity 
of  chemically  pure  aluminum=3.5G,  while  aluminum  wire  over  99% 
pure  has  a  specific  gravity  of  2.68.  This  increased  density  in  the  com- 
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mercial  wire  is  not  proportional  to  the  amounts  of  impurities  present, 
but  seems  to  be  due  to  a  contraction  caused  by  these  impurities,  and 
depends  also  on  the  working  of  the  metal.  The  specific  gravity  of 
commercial  copper  we  may  take  as  8.93.  Thus  we  get  1 :3.33  as  the 
ratio  between  the  weights  of  equal  volumes  of  aluminum  and  copper. 

Tensile  Strenytli. — Perhaps  nothing  has  contributed  so  to  the 
lack  of  confidence  felt  by  many  electrical  men  towards  the  new 
conductor  as  the  failure,  due  to  low  tensile  strength,  of  several  of 
the  first  aluminum  lines  to  be  installed  in  this  country. 

When  first  introducing  aluminum  wire  advantage  was  taken  by 
the  Pittsburg  Peduction  Co.  of  the  fact  that  almost  all  foreign 
metals  when  alloyed  with  aluminum  increase  the  tensile  strength  of 
the  wire. 

For  instance,  a  No.  13  B.  &  S.  wire  showed  a  tensile  strength 
of  39,000  pounds  per  square  inch;  same  wire  alloyed  with  1%  nickel, 
45,000  pounds  per  square  inch;  same  wire  alloyed  with  2%  nickel, 
55,000  pounds  per  square  inch. 

This  increased  tensile  strength  was  not  gained,  however,  with- 
out offsetting  disadvantages.  For,  taking  the  conductivity  of  the 
pure  aluminum  as  G3  in  the  Matthiessen  standard,  one  per  cent. 
of  nickel  reduced  this  to  58,  while  the  two  per  cent,  alloy  showed 
a  conductivity  of  only  about  54.  The  above  is  the  result  of  a  test 
miade  by  the  Pittsburg  Reduction  Co. 

For  all  the  first  lines  installed  alloyed  wire  was  used,  and  the 
result  was  far  from  satisfactory.  In  almost  every  instance  so  many 
breaks  occurred  in  the  lines  that  they  had  to  be  replaced.  In  one 
instance  over  fifty  breaks  were  reported  in  a  mile  of  line,  all  occur- 
ring inside  of  one  month.  The  cause  of  these  failures  seems  to  be 
a  lack  of  homogeneity  in  the  alloyed  wires.  Apparently  the  copper, 
nickel  or  other  metal  used  to  give  strength  to  the  wires  does  not 
form  a  perfect  alloy  with  the  aluininuin,  but  tends  to  settle  in  spots 
in  the  wire  bar.  These  spots  are  hard  and  brittle,  and  the  wire  is 
very  apt  to  break  at  these  points. 

The  use  of  alloyed  wires  has,  however,  been  abandoned,  and  all 
wires  sold  at  present  are  commercially  pure  aluminum.  The  results 
obtained  have  been  very  gratifying  to  the  manufacturers. 
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The  following  figures  are  from  tests  made  by  the  Pittsburg 
Eeduction  Co.: 


• 

Elastic 
Limit 

Ultimate 
Strength 

Reduction  Estimated 

in  Area     Safe  Work - 

Per  Cent,     ing  Load 

Average  of  tests  on  wires  J  "  to  ^  " 
diameter  (wire  as  drawn) 

12000 
10870 

32000 
21000 

24500 
22830 

54000 
33000 

58.46% 
65.57% 

68.00% 
62.00% 

4500 

Same  annealed 

4500 

Average  of  tests  on  wires   -^^"  to  g\y  " 

12000 

Same  annealed 

7000 

The  tests  were  made  on  No.  1  quality  aluminum,  all  over  98'?^ 
pure.  Annealing  renders  the  wire  more  pliable,  and  more  easily 
handled. 

The  practice  of  the  company  at  present  is  to  make  all  line  con- 
ductors up  in  the  form  of  cables.  The  reasons  are  two-fold.  First, 
any  Aveakness  in  one  strand,  due  to  hard  spots  caused  by  the  concen- 
tration of  impurities,  does  not  endanger  the  whole  cable.  By  strand- 
ing the  conductor  there  is  only  a  small  chance  of  these  brittle  places 
coming  together  in  the  cable,  and  thus  though  one  strand  ma)''  be 
weak,  the  strength  of  the  whole  section  will  not  be  greatly  affected. 
The  second  reason  for  stranding  line  conductors  will  be  apparent  by 
referring  to  the  table  just  given.  The  higher  tensile  strength  in 
the  smaller  size  of  wire  is  quite  marked. 

Up  to  No.  8  B.  &  S.  3-strand  cables  are  used.  For  No.  6  B.  &  S. 
either  3  or  7  strands;  and  the  number  of  strands  is  increased  for 
sizes  still  larger. 

Comparing  the  tensile  strengths  of  copper  and  aluminum,  Dr. 
Kennelly's  tests  for  the  Bay  Counties  Co.  of  California  gave  an  aver- 
age of  33,000  pds.persq.in.  as  the  ultimate  strength  of  the  aluminum 
wire  i;sed.  The  strength  of  soft  drawn  copper  is  given  by  Eoebling 
as  32,000  to  36,000  pds.  per  sq.  in.,  and  45,000  to  68,000  for  hard 
drawn  wire.  In  comparing,  however,  we  must  remember  that  for 
the  same  conductivity  an  aluminum  conductor  must  have  a  cross- 
section  1.6  times  that  of  copper.    ' 

The  clastic  limit  of  aluminum  is  not  ver\'  well  defined,  for  the 
reason  that  the  wire  takes  up  a  permanent  set  at  very  low  strains. 


94  NOTES   ON    ALUMINUM   CONDUCTORS. 

It  appears,  however,  that  somewhere  between  14,500  and  1T,000 
(according  to  Dr.  Perrine)  this  permanent  set  increases  rapidly,  in- 
dicating that  the  safe  working  load  lies  within  these  limits.  In 
one  respect  this  tendency  to  elongate  is  an  advantage,  since  it 
counteracts  to  some  extent  the  effect  of  the  large  co-efficient  of 
expansion  referred  to  later.  For  instance,  a  span  drawn  up  in  the 
summer,  so  as  to  allow  but  little  sag,  might  break  under  the  heavy 
strain  due  to  the  contraction  in  cold  weather  were  it  not  for  the 
stretching  of  the  wire.  It  is  necessary  to  exercise  care  in  erecting 
aluminum  spans  to  avoid  reducing  the  cross-section  in  drawing  up. 
Under  these  conditions  copper  is  much  better,  though  soft- 
drawn  wire  has  the  same  tendency.  The  percentage  elongation  in 
hard-drawn  copper  is  very  slight,  but  a  loss  of  about  2%  in  con- 
ductivity can  be  counted  upon,  due  to  hard-drawipg. 

Expansion. — British  Board  of  Trade  gives  the  following  figures: 

Co-efficient  of  expansion  (linear). 

Aluminum 0.00001234.)   p       .  Fahrenheit 

Copper 0.00000887.  j   ^^^  ^^^^^^  ranienneit. 

i.e.,  expansion  of  aluminum  is  1.39  times  that  of  copper. 

Thus  in  climates  subject  to  extremes  of  temperature  greater 
care  must  be  taken  in  erecting  aluminum  lines  to  give  them  the 
proper  sag.  In  this  connection  rather  complete  tests  have  been 
made  by  the  Pittsburg  Reduction  Co.  to  aid  their  customers  in  the 
erection  of  lines.  In  a  span  the  sag  at  any  given  temperature  can- 
not be  computed  from  the  co-efficient  of  expansion  given  above, 
since  every  increase  in  the  length  of  the  wire  due  to  rise  of  tempera- 
ture causes  a  decrease  in  the  tension  of  the  w'ire.  Supposing  the 
strain  to  be  within  the  elastic  limit,  the  decrease  in  tension  causes 
a  proportional  decrease  in  length,  so  that  it  has  been  found  that  the 
net  expansion  is  about  one-half  what  it  would  be  if  the  wire  were 
supported  throughout  its  whole  length. 

The  method  of  determining  the  net  expansion  is  as  follows: — 
Spans  of  different  leng'ths  are  chosen  and  the  wires  fastened 
securely  at  one  end.  The  other  end  runs  over  a  knife  edge  to  a 
spring  balance.  By  a  standard  at  the  centre  of  the  span  the  deflec- 
tion is  measured.  The  deflection  being  noted  and  also  the  corres- 
ponding tension,  the  Avire  is  given  more  sag  by  allowing  a  length 
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corresponding  to  the  linear  expansion  for  any  desired  rise  of  tem- 
perature to  pass  over  the  knife  edge.  Then  the  deflection  and  ten- 
sion are  again  noted.  Thus  the  conditions  of  the  wire  over  a  wide 
range  of  temperature  can  be  detennined. 

The  table  gives  the  results  of  a  series  of  such  tests. 


TABLE  OF  DEFLECTIONS  AND  TENSIONS  FOR  ALUMINUM  WIRE. 

X  =  Detlection  in  inches  at  centre  of  span;  S  =  Factor,  which  multiply  by  weight 
of  foot  of  wire  to  obtain  tension.     Maximum  Load=  15,000. 
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Electrical  Properties. — The  conductivity  of  the  Pittsburg  Reduc- 
tion Co.'s  wire  has  been  given  as  between  60  and  61  in  the  Matthies- 
sen  scale,  though  within  the  last  few  months  the  writer  understands 
that  this  has  been  increased  to  62  through  improved  methods  of 
treatment.  Annealed  copper  averages  a  conductivity  of  99,  and 
■^■j=1.6  is  the  ratio  of  the  specific  conductivities. 

It  will  be  remembered  that  in  the  B.  &  S.  gauge  this 
corresponds  very  closely  to  r*,  where  r  (1.12)  is  the  ratio  be- 
tween the  diameters  of  any  two  consecutive  sizes.  Thus  a  conveni- 
ent rule  for  determining  the  equivalent  of  a  copper  wire  of  any 
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gauge  number  is  to  take  the  aluminum  wire  two  sizes  larger.  For 
example,  No.  00  copper  has  a  conductivity  equal  to  Xo.  0000 
aluminum. 

For  equal  conductivity  in  a  given  transmission  the  weights  of 
copper  and  aluminum  required  will  be  as  1  :  }  f^^  =  1:  OAb. 

Effects  of  Alternating  Currents. — The  self-induction  and  capa- 
city of  a  transmission  circuit  depend  upon  the  ratio  of  the  diameter 
of  the  conductors  to  the  distance  between  them.  For  the  same 
conductivity  the  diameter  of  an  aluminum  wire  is  roughly  26% 
greater  than  that  of  a  copper  wire.     Hence  we  can  say : — 

(a)  If  the  aluminum  Avires  are  26%  farther  apart  than  the 
copper  wires,  the  capacity  and  self-induction  will  be  the  same. 

(h)  It  can  also  be  shown  that  if  the  wires  be  the  same  distance 
apart  that  the  self-induction  of  the  aluminum  circuit  will  be  de- 
creased from  3  to  5%,  and  its  capacity  increased  by  about  the  same 
amount  as  compared  with  a  copper  circuit  of  the  same  conductivity. 

Skin  effect — or  the  tendency  of  an  alternating  current  to  flow  near 
the  surface  of  a  conductor,  thus  increasing  its  effective  resistance. 
This  effect  is  almost  always  negligible  with  frequencies  ordinarily 
employed  in  transmission  work,  the  increase  in  effective  resistance 
being  only  H%  for  a  /4-in.  copper  wire  at  60  cycles.  Skin  effect  is 
proportional  to  the  square  of  the  frequency  and  cross-section,  and 
inversely  proportional  to  the  square  of  the  specific  resistance,  hence 
for  ahmiinum  and  copper  wires  of  equal  conductivity  the  effect  is 
the  same  since  the  cross-section  and  specific  resistance  are  increased 
iu  the  same  proportion.  ♦ 

From  the  above  it  would  appear  that  so  far  as  the  effects  of 
alternating  currents  are  concerned,  there  is  little  to  choose  between 
aluminum  and  copper.  Any  difference  in  their  behaviour  is  in 
favour  of  aluminum. 

The  temperature  co-efficients  of  resistance  are  about  the  same, 
viz.: — Aluminum,  .00214  per  degree  F. ;  copper,  .00217  per  degree  F. 

Chemical  Properties. — When  we  consider  the  chemical  properties 
of  aluminum  we  are  confronted  with  a  serious  difficulty,  namely, 
the  joint  problem.  With  copper,  good  perm,anent  joints  equal  in 
conductivity  to  the  wire  itself  can  readily  be  made  by  soldering,  but 
the  soldering  of  aluminum  is  such  a  difficult  and  uncertain  operation 
that  it  is  almost  impossible  to  carry  it  out  in  line  work. 
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This  difficulty  in  soldering  may  be  attributed  to  three  causes : — 

(1)  Aluminum  is  very  highly  electro-positive,  in  fact  more 
positive  than  any  of  the  commercial  metals.  Consequently  it  oxi- 
dizes very  readily,  and  its  surface  is  always  coated  with  a  thin  film 
of  AL  O3,  which  has  to  be  removed  to  effect  a  soldered  joint.  Or- 
dinary fluxes  have  no  effect,  as  the  oxide  film  forms  as  fast  as  it  is 
removed.  The  usual  method  employed  is  to  use  a  solder  of  such  a 
composition  that  it  contains  its  own  flux,  and  thus  the  removal  of 
the  oxide  film  and  the  "  taking  hold  "  of  the  solder  are  simultaneous. 

(2)  Owing  to  the  high  specific  conductivity  for  heat  of  alum- 
inum, it  requires  a  very  high  temperature  to  effect  a  joint.  Also 
while  solder  combines  with  copper  at  460°  F,  over  650°  F  is  required 
to  make  a  combination  with  aluminum. 

(3)  The  fact  that  aluminum  is  so  highly  electro-positive  is  the 
cause  of  galvanic  action  between  the  metal  and  its  solder,  unless 
the  solder  be  very  near  aluminum  in  the  electro-chemical  series. 
A  few  days  in  water  will  render  useless  many  an  apparently  good 
joint. 

The  solder  recommended  by  the  Pittsburg  Reduction  Co.  is  that 
proposed  by  Mr.  Joseph  Richards,  and  is  also  that  used  by  nearly 
all  the  manufacturers  of  aluminum  in  Europe. 

Its  composition  is: — 29  parts  tin, 
11  parts   zinc, 
1  part  aluminum, 
»  1  part  phosphor-tin. 

The  superiority  of  the  solder  seems  to  be  due  to  the  phosphor- 
tin.  The  parts  are  heated  and  the  melting  stick  of  solder  rubbed 
hard  over  the  surface  to  remove  the  film  of  oxide.  "While  the  solder 
U  still  fluid  the  surface  is  rubbed  with  a  metal  brush  to  ensure  a 
thorough  combination.  After  the  pieces  are  tinned  as  above,  pure 
block  tin  is  used  to  sweat  them  together.  As  it  is  impossible  to 
cause  the  solder  to  flow  into  an  aluminum  joint,  the  tin  must  be  put 
just  where  it  is  required. 

While  the  above  process  appears  to  be  fairly  simple,  unless  the 
work  is  done  by  an  expert,  the  joints  are  seldom  satisfactory.  Con- 
sequently in  nearly  all  lines  recently  erected  mechanical  joints  have 
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been  used,  and  as  far  as  can  be  learned  they  have  proved  quite  suc- 
cessfuh     Several  forms  of  mechanical  joints  are  given  below: — 

Fig.  1  is  an  aluminum  sleeve  employed  for  sizes  up  to  Xo.  000. 
The  ends  of  the  wire  are  inserted  and  the  whole  is  twisted  through 
three  or  four  turns.  Fig.  2  is  kno-oTi  as  the  compression  joint,  and 
consists  of  three  parts.  The  cable  ends  are  inserted  in  the  sleeves 
2  and  3,  and  held  in  place  by  hydraulic  pressure.  This  is  usually 
done  in  the  factory,  both  ends  of  every  coil  sent  out  being  furnished 
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with  sleeves;  then  all  that  is  necessary  in  the  erection  of  the  line  is- 
to  couple  these  sleeves  together  by  means  of  the  right  and  left  hand 
connector  1.  Fig.  3  is  called  the  wedge  joint.  The  ends  of  the 
ciiblcs  are  passed  through  the  sleeves  2,  and  the  strands  spread  by 
the  conical  wedges  3.  The  coupling  1  is  now  screwed  on,  and  as  the 
bases  of  the  wedges  are  pressed  together  the  Avires  are  pressed  more 
firmly  against  the  conical  recess  in  the  sleeve.  Both  of  the  latter 
forms  of  joint  are  quite  largely  used,  the  compressive  joint  being 
the  more  common. 
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The  action  of  gases  and  vapors  upon  aluminum  wire  is  still 
rather  a  moot  point.  While  the  manufacturers  claim  that  the  metal 
is  quite  equal  to  copper  in  its  non-corrosive  properties,  investiga- 
tions of  Kershaw  in  England  show  that  the  wire  is  corroded  by  the 
sulphurous  vapors  of  a  city  and  by  hydrochloric  acid.  It  is  perhaps 
hardly  fair  to  judge  the  American  product  by  the  results  of  Ker- 
shaw's tests,  as  his  experiments  were  with  heavily  allo3'ed  wire  of 
51%  conductivity.  It  might  be  said  also,  that  the  tests  were  con- 
ducted at  St.  Helen's,  which  is  the  centre  of  large  chemical  industries. 
A  less  favourable  place  could  hardly  have  been  chosen.  The  action 
of  hydrochloric  acid  is  not  as  great  as  might  be  expected,  protection 
being  affordedl^y  the  coating  of  AL  O3  which  always  covers  the  wire. 
The  manufacturers  claim  that  no  corrosion  takes  place  on  wires 
exposed  to  the  salt  air  along  the  coast. 

The  galvanic  action  of  aluminum  in  contact  with  nearly  all 
metals  makes  it  important  that  all  ties,  joints,  etc.,  be  made  of  the 
same  metal.  The  resistance  to  corrosion  is  decreased  by  small  per- 
centages of  impurities,  notably  silicon  and  iron,  which  are  difficult  to 
remove.  Sodium  is  also  most  harmful.  The  Pittsburg  Reduction 
Co.  attribute  nearly  all  failures  from  corrosion  to  the  presence  of 
these  metals. 

To  sum  up  "vvdiat  has  been  said,  weight  for  weight  aluminum  has 
about  double  the  conductivity  of  copper,  with  a  tensile  strength 
about  90%  that  of  soft-drawn  copper  or  60%  that  of  hard-drawn 
copper.  The  weakening  tendency  of  impurities  is  overcome  by  the 
use  of  stranded  conductors.  It  is  possible  to  use  longer  spans  for 
aluminum'  wire  on  account  of  its  lightness. 

On  the  new  Xiagara-Buffalo  aluminum  line  the  poles  are  113 
feet  apart,  against  75  ft.  spans  on  the  copper  line.  Thus  a  saving 
of  al)0ut  one-third  on  the  poles  and  insulators  was  effected. 

Chcmieally  the  balance  seems  to  be  in  favour  of  copper,  though 
the  aluminum  lines  already  in  use  have  not  been  in  position  long 
enough  to  give  any  definite  information  on  this  point.  The  joint 
problem  has  been  satisfactorily  solved  by  the  mechanical  contriv- 
ances described.  With  aluminum  we  have  reiluced  freights,  and 
gain  in  the  matter  of  distribution  and  handling.  It  is  claimed  also 
by  those  who  have  used  aluminum,  that  the  labour  in  erection  is 
materially  less  than  where  copper  is  used.     The  wire  can  often  be 
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strung  along  the  ground  and  carried  upon  the  poles  on  a  man's 
shoulder.  It  is  said  also  that  the  care  necessary  in  giving  the  proper 
sag  has  been  exaggerated. 

Aluminum  is  not  so  well  adapted  for  other  branches  of  electrical 
work,  except  perhaps  for  bus  bars,  where  it  has  been  quite  extensively 
u  ed.  The  large  cross-section,  as  compared  with  copper,  makes  its 
use  for  armature  conductors  and  all  windings  where  space  is  an  im- 
portant factor,  almost  prohibitive.  It  has  replaced  brass  in  the  parts 
of  many  electrical  measuring  instruments,  and  has  also  been  recom- 
mended lor  spacing  blocks  in  iron  cores.  The  large  section  makes 
insulation  of  aluminum  conductors  more  expensive,  and  the  finished 
wire  is  xery  bulky.  Mr.  Steinmetz  says  that  aluminum  has  not 
proved  successful  for  commutators.  There  are  many  other  minor 
uses  to  which  aluminum  has  been  put,  too  numerous  to  mention  here. 
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Processor  C.  H.  C.  Wright,  B.A.  Sc. 


Wliilc  discussing  witli  one  of  the  members  of  the  Coimc-il  of  this 
Association  the  results  of  certain  experimental  work  of  the  post- 
graduate year  at  the  School  of  Practical  Science,  I  was  induced  to 
pr  mise  a  paper  on  the  behaviour  of  steel  under  stress,  and  in  its 
preparation  I  liave  kept  in  view  the  younger  members  and  students 
of  the  Association. 

Inasmuch  as  the  use  of  steel  has  completely  revolutionized 
methods  of  construction  and  plan,  its  effect  should  be  and  is  appar- 
ent in  the  design,  not,  however,  to  the  extent  the  material  deserves. 
It  has  been  the  custom  for  years  to  use  rolled  shapes,  rivets,  and 
joints  of  an  engineering  type  partly  because  this  branch  of  the  work 
iias  been  generally  relegated  to  the  engineer,  and  pai*tly  because 
most  of  the  steel  work  is  hidden.  Is  not  much  of  it  hidden  because 
h  is  considered  unsightly?  Why  should  not  the  parts  exposed  to 
view  be  aesthetically  treated  and  the  shapes  receive  architectural 
attention. 

It  has  always  been  considered  necessary  to  study  carefully  the 
properties  of  other  building  materials.  The  successful  treatment  of 
granite  shows  boldness  or  vigor;  of  marble,  delicacy  or  refinement; 
of  sandstone,  elaboration;  of  terra-cotta,  repetition,  etc. 

While  steel  has  been  used  very  largely  during  the  last  decade,  it 
will  be  used  much  more  extensively  in  the  immediate  future.  It 
becomes  desirable  that  the  members  of  our  profession  should,  and 
imperative  that  the  younger  members  shall,  obsen-e  closely  the 
peculiar  properties  and  behaviour  of  this  important  material  in 
order  that  it  may  be  treated  satisfactorily  in  design  as  well  as  in 
construction.     It  ought  not  and  cannot  be  left  to  the  engineer. 


Note. —This  is  a  paper  read  by  Professor  Writjht  before  the  Annual  Conven- 
tion in  January,  1902,  of  the  Ontario  Association  of  Architects. — Editor. 
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Another  difficulty  that  might  be  mentioned  is  the  action  of  fire 
on  steel.  Serious  as  this  difficulty  is  from  the  point  of  view  of 
design,  it  must  be  met  frankly  and  not  forgotten  that  this  very  same 
property  enables  it  to  be  rolled  and  worked  into  shapes  economically. 

Interesting  as  this  line  of  thought  is,  we  must  turn  our  atten- 
tion to  the  more  elementary  stages  and  consider  a  few  of  the  pro- 
perties of  steel. 

Suppose  a  steel-  rod  (usually  2-i"  long)  is  placed  in  a  testing 
machine  and  a  load  applied  so  as  to  produce  tension  in  the  rod. 
Now  if  measurements  of  the  lengths  of  a  part  of  the  rod  (usually 
8")  are  made,  it  will  be  found  that  for  every  load  applied  or  stress 
ir.duced  there  is  a  corresponding  change  in  length,  a  deformation  or 
strain;  further,  that  when  the  load  is  removed  the  load  will  regain 
its  original  length. 

There  is  a  point,  however,  beyond  which  this  is  not  true,  or 
where  the  deformation  or  strain  is  not  constant  for  equal  increments 
of  load  or  stress.  Below  this  point  steel  is  elastic,  while  beyond  it  it 
i?  plastic.  The  point  at  which  this  change  occurs  is  called  the 
elastic  limit.  If,  however,  a  piece  of  steel  be  stretched  (strained) 
beyond  the  elastic  limit,  and  the  load  removed,  it  will  contract  more 
or  less,  but  will  not  regain  its  original  length. 

The  measurements  of  deformation  or  strain,  which  must  be 
accurate  to  the  nearest  1-10,000  of  an  inch,  are  made  with  an  extcn- 
someter  of  wliich  this  Eiehle  Yale  represents  a  very  satisfactory 
type.  As  will  readily  be  seen,  the  points  of  the  screws  which  fasten 
it  to  the  specimen  are  held  rigidly  8"  apart.  After  fastening  it  to 
the  specimen,  the  bar  connecting  the  two  heads  is  removed,  and 
the  two  micrometers  arc  road  or  set  at  zero  (the  contact  being  deter- 
mined by  the  ringing  of  an  electric  bell  on  the  closing  of  the  cir- 
cuit by  the  contact).  A  load  is  next  apjdied  to  the  specimen,  and  the 
micrometers  are  again  read,  the  difference  between  the  two  sets  of 
readings  giving  the  deformation  or  strain  corresponding  to  the  lottd 
or  stress.  If  the  stress  be  doubled  the  micrometers  will  show  that 
the  strain  has  been  doubled.  As  the  stress  is  increased  it  will  be 
found  that  equal  increments  of  load  will  produce  equal  strains  so 
Icng  as  the  steel  remains  clastic,  or  in  other  words  Avitliin  the  elastic 
limit. 

If  these  measurements  were  continued  and  the  resultant  stress 
strain  eurvo  drawn,  plotting  the  loads  as  vertical  ordinates.  and  the 
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strains  as  horizontal  abscissa,  it  would  resemble  0  A  B  C  of  the 
accompanying  figure. 

In  the  complete  curve  there  are  four  significant  points,  viz., 
the  true  elastic  limit,  A;  the  apparent  elastic  limit,  B;  the  ultimate 
strength,  C ;  and  the,  breaking  point,  D.  From  0  to  A  the  ratio  of 
stress  to  strain  or  load  to  deformation  is  constant  and  the  curve 
becomes  a  straight  line.  Between  A  and  B  the  ratio  of  strain  to 
stress  increases  slightly,  while  at  B  a  very  marked  change  takes 
place,  hence  the  term  "apparent  elastic  limit."  Micrometer  meas- 
urements of  the  length  are  not  necessary  to  determine  this  point, 
and  consequently  it  is  widely  used  in  commerce,  and  is  often  spoken, 
of  as  "  the  commercial  elastic  limit,"  or  often  merely  "  elastic 
limit."     Beyond  the  elastic  limit  the  material  continues  to  increase 
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in  length  as  additional  loads  are  added  until  it  reaches  its  ultimate 
strength,  when  it  begins  to  fail.  It  no  longer  continues  to  sup- 
port the  load,  but  stretches  under  a  decreasing  load  and  finally  sepa- 
rates under  a  greatly  reduced  one  such  as  is  indicated  in  our  dia- 
gram by  the  point  D. 

Specimen  No.  1  is  a  mild  steel  made  by  the  open  hearth  pro- 
cess and  gave  the  following  results  when  tested  in  tension.  The 
length  of  the  specimen  was  24  inches  and  its  diameter  1".015. 
Punch  marks  one  inch  apart  were  made  along  the  rod.  The  speci- 
men was  then  placed  in  the  testing  machine  and  subjected  to  ten- 
sion. The  load  was  gradually  applied  and  the  material  elongated 
uniformly  for  a  time  until  it  reached  a  point  where  it  stretched  under 
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a  constant  load  of  21,000  pounds,  i.e.,  the  commercial  elastic  limit  of 
21,000h-(1.01o2x.T854)  i.e.,  21,000  divided  by  the  cross-section  of 
the  rod  or  27,200  pounds  per  square  inch.  The  rod  finally  broke 
under  a  load  of  37,700  pounds  or  of  37,700^(1.015-x.78o4:)  or 
47,200  pounds  per  square  inch  of  its  original  cross-sectional  area. 
On  measuring  the  distance  between  two  of  the  punch  marks  origin- 
ally 8"  apart  (4  on  each  side  of  the  break),  it  was  found  to  be  11.08" 
long,  i.e.  the  steel  had  an  elongation  in  8"  of  38.5%.  Collecting  we 
have : — 

Commercial  elastic  limit 27,200  pd8.  per  sq.  in. 

Ultimate  strength 47,200  " 

Elongation  in  8  inches 38.5% 

The  following  measurements  made  on  this  specimen  will  show 
perhaps  more  clearly  the  elasticity  of  the  material. 

stress  in  Pounds  Extensometer  Deformation 

Load  in  Pds,           per  sq.  inch.  readings.  or  Strain. 

1,000                        1237  8.0005  0.0005 

2,000                         2474  8.0009  .0004 

3,000                       3711  8.00125  .0003,5 

4,000  4948  8.00160  .00035 

.5,000                        6185  8.00195  .00035 

6.000  7422  .8.00225  .0003 

7,000  8659  8.0026  .000.15 

8,000  9896  8.00295  .00035 

9,000  ill33  8.00325  .0003 

10,000  12370  8.00355  .0003 

11,000  13607  8.0039  .00035 

12,000  14844  8.00425  .00035 

13,000  16081  8.00455  .0003 

14,000  17318  8.0049  .0003 

15,000  18555  8.0052  .00035 

16,000  19792  8.00555  .0003 


On  drawing  this  stress  strain  curve,  plotting  the  stresses  as 
vertical  ordinates  and  the  strains  or  deformations  as  horizontal 
abscissae,  we  get  the  following  diagram. 

The  complete  stress  strain  curve  is  given  in  Fig.  2. 

Specimen  N"o.  2  of  Milo  Steel,  made  by  the  open  hoartli  pro- 
cess, gave  the  following  results  in  tension : — 

Length  of  specimen, 24  inches. 

Diameter  of  specimen 1.015  inches. 

Apparent  elastic  limit 27,000  ponnds  per  square  inch. 

Ultimate  strength 47,500  pounds  per  square  inch. 

Elongation  in  8  inches, 38.0% 
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Specimen  Xo.  3  mild  steel  made  by  the  Bessemer  process  gave 
the  following  results  in  tension: 

Length  of  specimen 24" 

Diameter  of     "        1.0155 

Apparent  elastic  limit    29,500  pds.  per  sq.  in. 

Ultimate  strength    46,400  "         " 

Elongation  in  8" 40% 

Stress  iu  pds.  Micrometer 

Load.                    per  sq.  iu.                  Eeadiugs.  Elongation. 

.5578 

1000          1229          .5581  .0003 

2000          2457          .5586  .0008 

3000          3685          .5591  .0013 

4000          4914          .5595  .0017 

5000          6145          .5599  .0021 

6000          7371          .5602  .0024 

7000          8600          .5606  .0028 

8000          9828          .5609  .0031 

9000         11050          .5612  .0034 

10000         12290          .5616  .0038 

11000         13510          .5620  .0042 

12000         14740          .5624  .0046 

13000         15970          .5627  .0049 

14000         17200          .5629  .0051 

1.5000         18430          .5632  .0054 

Specimen  'No.  4  of  machine  steel  gave  the  following  results  iu 
tension:  ,         ; 

Length  of  specimen   24  inches. 

Diameter  of  specimen  1.014 

Apparent  elastic  limit 

Ultimate  strength 100,600 

Elongation  in  8  inches 16.5% 

Stress  iu  Pounds  E.\teusometer 

Load.                    per  Square  Inch.              Readings.  Elongation 

1,000  1273  .3837 

2,000                      2547                        .3840  .0003 

3,000                      3820                        .3844  .0007 

4,000                      5093                        .3848  .0011 

5,000                      6366                        .3852  .00J5 

6,000                      7640                        .3856  .0019 

7,000                      8913                        .3860  .0023 

8,000                    10190                        .3864  .0027 

9,000                    11460                        .3868  .0031 

10,000                    12730                        .3872  .0035 

11,000                    14010                        .3876  .0039 

12,000                    15280                        .3879  .0042 

13,000                    16550                        .3883  .0046 

14,000                    17830                        .3887  .0050 

15.000                    19100                       .3890  .0053 

16,000                    20370                        .3394  .0057 

17,000                    21640                        .3897  .0060 

18,000                     22920                         .3901  .0064 

19,000                    24190                       .3904  .0067 

20,000                    25470                        .3908  .0071 
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Figure  3  is  the  stress  strain  diagram  of  specimens  Xos.  2,  3  and 
4  within  the  elastic  limit.  Allowing  for  reasonable  errors  of  observa- 
tion, the  line  joining  the  plotted  points  is  a  straight  line  showing 
conclusively  that  steel  is  within  these  limits  perfectly  elastic. 

Before  looking  at  the  classification  of  steel,  let  us  examine  very 
briefly  its  composition  and  process  of  manufacture. 

Cast  iron,  as  you  will  remember,  is  a  combination  of  from  2  to  G 
per  cent,  of  carbon  with  iron.  The  large  amount  of  carbon  deter- 
mines its  charasteristic  features  or  behaviour.  AYrought  iron  is 
the  product  resulting  from  the  removal  of  carbon  from  cast  iron. 
This  ] eaves  with  the  wrought  iron  such  impurities  as  sulphur  and 
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phosphorus.  When  these  are  present  in  too  large  quantities  they 
render  the  iron  red  short  or  cold  short  respective!}'. 

Steel  is  a  combination  of  iron  with  a  percentage  of  carbon 
varying  from  minute  quantities  to  as  high  as  27o.  It  is  manu- 
factured in  the  three  following  ways,  viz. — 1.  By  adding  carbon  to 
wrought  iron — the  product  of  such  process  being  known  as  crucible 
steel.  2.  By  removing  carbon  from  cast  iron — the  product  of  this 
process  being  known  as  Bessemer  steel.  3.  By  melting  together 
cast  and  wrought  iron — ^the  product  of  this  process  being  known  as 
open  hearth  steel. 

Cast  iron  is  liard  and  brittle  and  can  be  moulded,  while  wrought 
iron  is  soft  and  ductile  and  can  be  welded.     Steel  is  unlike  wrought 
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iron  in  that  it  is  fusible,  and  unlike  cast  iron,  it  can  be  forged,  and 
with  the  exception  of  high  grades,  it  can  be  welded.  In  addition  to 
these  advantages  the  higher  grades  can  be  hardened  and  tempered. 

The  term  steel  is  applied  to  a  class  of  materials  which  cover  a 
very  wide  range  of  properties.  One  particular  grade  may  be  soft 
and  ductile  while  another   is   quite    hard    and   brittle.     In    tensile 
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strength  they  may  vary  from  40,000  to  200,000  pounds  per  square 
inch. 

It  is  now  customary  commercially  to  classify  steels  either  accord- 
ing to  their  properties  or  uses.  In  the  one  group  there  is  mild, 
medium  or  hard  steel,  while  the  other  classification  includes  rivet 
steel,  boiler  plate,  structural,  machine,  tool  and  spring  steel,  etc. 
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The  following  table  gives  a  few  of  the  characteristic  physical 
properties  of  these  different  classes: — 

Eivet  steel  should  be  ductile  rather  than  strong  and  should 
have  an  ultimate  strength  of  40,000  to  55,000  pounds  per  square 
inch;  elastic  limit,  30,000  to  45,000  pounds  per  scjuare  inch;  elonga- 
tion in  8"  =  25  to  35%. 

Boiler  plate — Ultimate  strength  50,000  to  65,000  pomids  per 
square  inch;  elastic  limit,  30,000  to  45,000  pounds  per  square  inch; 
elongation  in  8"  =  25  to  30%. 

Structural  steel— Mild,  ultimate  strength  40,000  to  55,000 
pounds  per  square  inch;  elastic  limit,  25,000  to  43,000  pounds  per 
square  inch;  elongation  in  8"  =  25  to  35%. 

Medium — Ultimate  strength,  55,000  to  70,000  pounds  per 
square  inch;  elastic  limit,  35,000  to  45,000  pounds  per  square  inch; 
elongation  in  8"  =  20  to  25%. 

Machine  steel — Ultimate  strength,  80,000  to  110,000  pounds 
per  square  inch;  elastic  limit,  55,000  to  70,000  pounds  per  square 
inch;  elongation  in  8". 

Tool  steel  and  spring  steel— Ultimate  strength,  120,000  to  200,- 
000  pounds  per  square  inch. 

The  standard  specifications  for  structural  steel  proposed  by  a 
committee  of  the  American  Society  of  Civil  Engineers  in  1896  is  as 
follows : 

Lbs  per  sq.  in. 

Tensile  strength  low  steel  60,000  +  4,000 

medium  65,000  +  4,000 

high         70,000  -h  4,000 

Elastic  limit  557°  of  the  ultimate  strength  of  the  specimen. 

1,500,000 

Per  cent,  elongation  in  8  in.  — 

Ultimate 

2,800,000 

Per  cent,  reduction  of  area  = 

Ultimate 

Eivet  steel  when  heated  to  a  low  cherry-red  and  quenched  in 
water  at  82°  Fahr.,  must  bend  to  close  contact  without  sign  of  frac- 
ture. Specimens  of  low  steel  when  treated  and  tested  in  the  same 
manner  must  stand  bending  180°  to  a  curve  whose  inner  radius  is 
equal  to  the  thickness  of  the  speimen,  without   sign  of  fracture. 
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Specimens  of  iiiedium  steel  as  cut  from  the  bars  or  plates  and 
without  quenching,  must  stand  bending  180°  to  an  inner  radius  of 
1^  times  the  thickness  of  the  specimen,  without  sign  of  fracture. 
While  those  of  high  steel,  also  without  quenching,  must  stand  bend- 
ing 180°  to  a  radius  of  twice  the  thickness  of  the  specimen  without 
sign  of  fracture. 

In  connection  with  the  latter  part  of  this  specification,  the  fol- 
lowing test  ma}^  be  interesting  and  instructive. 

Two  specimens,  one  of  mild  open  hearth  and  the  other  of 
machine  steel,  were  heated  to  a  cherry-red,  quenched  with  water  and 
tested  with  the  following  results: 

Ultimate  streugth  Elastic  limit  Elongation 

pds.  per  scj.  in.  pds.  per  sq.  in.  in.  8" 

Mild  steel 47,200 27,200 38.5% 

Mild  steel  hardened 62,200 43,000 broke  in  strips 

Machine  steel 83,900 55,600 21%       , 

do  hardened   106,000  60,500 2% 

While  almost  every  specification  mentions  maximum  and  mini- 
m.um  tensile  strengths,  it  is  very  seldom  that  mention  is  ever  made 
of  the  compressive  strength,  although  the  material  is  used  quite  as 
frequently  in  compression  as  in  tension.  This  is  because  the  ulti- 
mate strength,  elastic  limit  and  deformation  or  strain  are  more 
readily  determined  in  tension  than  in  compression,  and  because  the 
results  in  tension  are  the  same  as  those  in  compression. 

Under  a  uniformly  increasing  load  steel  in  compression  con- 
tracts uniformly  within  the  elastic  limit,  which  fortunately  is  the 
same  as  that  for  tension.  When  the  load  increases  beyond  the 
elastic  limit  the  material  simply  spreads  and  increases  the  area  of 
its  cross-section  indefinitely,  so  that  in  compression  steel  has  no 
ultimate  strength.  This  is  well  illustrated  in  the  following  speci- 
mens, originally  2  inches  long,  which  were  subjected  to  a  load  of 
170,000  pounds  each. 

Specimens  numbered  1,  2,  and  3,  are  wrought  iron,  made  in 
Sweden,  England  and  Ontario  respectively;  while  numbers  4,  5.  and 
6  are  mild  steel  open  hearth,  mild  steel  Bessemer,  and  machine  steel. 
Those  specimens  which  are  cracked  open  or  are  etched  show  very 
c' early  the  flow  of  the  material  under  the  stress. 
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The  stress  strain  diagram  for  steel  in  compression  -u-hen  the 
stress  is  determined  by  dividing  the  load  by  the  original  cross- 
sectional  area  is  as  indicated  in  the  annexed  diagram,  Fig.  4. 

These  compressive  tests  were  made  on  a  Eiehle  200.000  pounds 
machine,  and  as  the  screws  were  kept  running  at  a  uniform  rate,  a 
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set  of  readings  of  the  times  required  to  produce  the  stresses  17618 
registered  on  a  chronograph  simultaneously  with  the  measurements 
of  the  deformation  or  strain.  On  plotting  from  these  results  the 
stress  strain  curve  and  the  stress  time  curve,  it  is  found  that  they 
were  identical  when  the  scale?  correspond. 


BRIDGE  FOUNDATIONS  AND  ABUTMENTS. 


J.  Herbert  Jacksox,  O.L.S.,  '03. 


The  information  for  the  following  paper  was  gathered  last  sum- 
mer from  work  on  which  the  writer  was  assistant  in  charge  under 
C.  H.  Mitchell,  C.E.  It  is  intended  as  a  descriptive  paper,  only  such 
technical  questions  being  taken  up  as  are  thought  to  be  of  interest 
to  those  unfamiliar  with  this  class  of  construction. 

The  work  comprised  the  building  of  two  highway  bridges  to  re- 
place old  ones  over  the  Welland  Kiver,  at  points  five  and  eight  miles 
respectively  above  the  town  of  Welland.  The  contractor  under- 
took to  remove  the  existent  structures  and  erect  others  as  per  plans 
adopted.  The  cost  of  each  bridge  complete  Avas  $6,000.  This  in- 
cluded all  work  necessary  to  make  the  highway  passable  and  ready 
for  use  by  the  public. 

Looking  at  the  problem  from  an  engineering  point  of  view,  it 
resolved  itself  into  designing  a  bridge  for  general  highway  use  which 
would  clear  the  stream  in  a  single  span.  This  length  proved  to  be 
134  feet  from  centre  to  centre  of  end  pins.  The  approaches  were 
to  be  earth  embankments  with  the  surface  macadamized  for  a  dis- 
tance of  200  feet  in  each  direction.  The  conditions  of  the  soil,  etc., 
on  the  sites  of  the  bridges  were  found  to  be  precisely  similar,  as  was 
also  the  length  of  span,  so  that  the  two  bridges  could  be  built  from 
practically  the  same  set  of  plans.  At  the  points  selected  the  banks 
of  the  Welland  are  of  a  soft,  black,  porous  earth  on  top  of  plastic  clay, 
and  in  no  way  capable  of  sustaining  a  load  except  by  piling  for  the 
foundations. 

The  stream  is  very  sluggish,  even  running  back  on  itself  when 
the  waters  of  the  Niagara  River  are  high.  This  seemed  to  comprise 
the  total  of  the  information  at  hand. 

From  these  facts  it  was  decided  to  put  in  a  steel  superstructure 
with  abutments  of  concrete. 


i 
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PILE  DRIVING. 

The  question  which  now  came  up  was  the  numher,  spacing,  etc., 
of  the  piles,  and  was  worked  out  as  follows: — The  bridge  selected 
was  one  of  16  foot  roadway  and  was  to  withstand  a  dead  load  of  600 
lbs.  per  lineal  foot,  and  a  live  load  of  1,200  lbs.  per  lineal  foot.  The 
weight  of  bridge  desigTicd  for  these  loads  was  132  tons,  or  61  tons 
weight  to  each  abutment.  The  fonn  of  abutment  gave  a  content  of 
90  cubic  yards.  This  amount  of  concrete,  at  an  average  of  -1,000 
lbs.  per  cubic  yard,  made  the  weight  of  an  abutment  180  tons.  To 
this  was  added  36  tons  for  transferred  earth  pressure  and  miscel- 
laneous load.     Thus  the  load  for  each  abutment  was: — 

Superstructure 61  tons. 

Content   of    abutment 180  tons. 

Miscellaneous    36  tons. 

Total 277  tons. 

To  support  this  it  was  thought  that  thirty-seven  piles  would  be 
sufficient,  and  assuming  the  load  to  be  uniformly  distributed  each 
pile  had  a  load  of  7.5  tons. 

The  formula  for  driving  the  piles  was  taken  from  the  Engineer- 
ing News. 

J       2Wh 

Where  L:=:safe  load  in  lbs.  , 

W=weight  of  hammer  in  lbs. 
h=fall  of  hammer  in  feet. 
S=penetration  in  inches  at  last  blow. 
In  using  this  a  factor  of  safety  of  4  was  assumed. 
The  safe  load  on  each  pile  was  then  7.5X-1=30  tons=60,000  lbs. 
The  weight  of  hammer  used  was  2,600  lbs.,  and  the  fall  was 
30  feet. 

To  find  S. 

60000^2j^00xJ0^^S^    jg.^^^j^^^ 
S  +  1 
In  the  specifications,  1.5  inches  was  the  maximum  penetration 
allowed  at  the  last  blow. 

In  construction  it  was  found  that  on  both  abutments  of  one  of 
the  bridges  the  centre  piles  gave  a  greater  penetration  than  the 
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above,  and  it  was  necessary  to  add  eight  supplementary  piles  to  each 
in  order  to  come  up  to  requirements.  These  were  necessar}^  by 
reason  of  the  clay  being  much  less  solid  than  was  anticipated  from 
tests. 

The  addition  of  the  eight  piles  made  the  strength  ample  for  the 
weight  to  be  sustained. 

The  driving  of  the  piles  was  accomplished  by  sinking  a  coffer- 
dam about  the  space  to  be  occupied  and  pumping  out,  when  the 
usual  method  of  drop  hammer  -was  used.  The  piles  were  banded  to 
prevent  brooming  at  the  ends. 

GRILLAGE  AND    PLATFORM. 

On  the  top  of  piles  sawed  off  true  and  level  at  two  feet  below 
low  water  mark  was  built  a  grillage  of  sound  white  oak  timbers. 
These  were  10x12  and  had  a  full  bearing  on  each  pile  and  drift 
bolted  with  f-inch  bolts  with  upset  heads,  driven  flush.  The  grill- 
age timbers  supported  a  platform  of  white  oak  5  inches  thick.  This 
was  kept  dry  by  the  coffer-dam,  which,  being  left  in  place,  also  acted 
as  a  protection  after  comjiletion. 

CONCRETE. 

The  concrete  was  laid  on  these  platforms  in  molds  built  to  the 
form  of  the  abutment.  The  composition  of  the  concrete  for  the 
interior  of  the  abutments  was  in  the  proportion  of  1  cement,  2.5 
sand,  5  broken  stone.  The  proportions  for  the  weather  surface  to 
a  depth  of  6"  was  1  cement,  2  sand,  4  broken  stone. 

The  forms  for  the  concrete  were  held  perfectly  solid  by  means 
of  rows  of  wires  placed  in  at  every  three  or  four  layers  of  concrete 
and  fastened  to  the  outside  of  the  form.  In  this  way,  when  one  side 
of  the  form  was  made  solid  the  other  could  not  move.  In  removing 
these  forms  it  was  only  necessary  to  cut  the  wires,  leaving  them  in 
after  trimming  off  the  ends.  All  corners  and  angles  were  bevelled 
so  as  to  give  the  finislied  abutment  a  neat  appearance. 

In  mixing  it  was  required  that  the  cement  and  sand  should  be 
mixed  dry  and  then  water  added.  Finally  the  stone,  which  had  been 
previously  wetted,  was  added,  and  the  whole  thoroughly  mixed. 

This  concrete  was  placed  in  8"  layers;  in  placing  the  concrete  in 
the  forms  the  weather  surface  was  mixed  and  thrown  in  close  to  the 
mold  from  the  platform  above.     In  this  way  the  mass  was  pretty 
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well  compacted  on  reaching  its  position.  This  was  done  all  round 
the  edge  and  raked  to  a  comparatively  even  surface.  The  interior 
portion  was  now  added  to  the  height  of  the  weather  surface,  and  the 
v.'hole  was  thoroughly  tamped  and  compacted.  Layer  after  layer 
was  added  in  this  manner  till  the  whole  was  completed.  Just  at 
the  surface,  bridge-seats  of  limestone  were  set  for  the  truss  bearing 
of  the  superstructure. 

Great  care  had  to  be  exercised  to  keep  the  whole  mass  of  each 
abutment  from  slightly  moving  out  of  alignment,  and  the  forms  had 
to  be  checked  on  permanent  plugs  set  on  the  bank  at  some  distance 
back.  As  a  final  precaution,  when  one  abutment  was  complete  the 
forms  of  the  opposite  one  were  checked  on  it  so  that  if  by  any  pos- 
sibility it  had  shifted,  the  second  one  might  be  made  parallel  to  it. 
and  thus  we  avoided  trouble  when  the  steel  work  was  to  be  set. 

APPROACHES. 

The  approaches  were  built  on  an  easy  grade  up  to  the  bridge 
roadway  and  had  side  slopes  oi  VA  horizontal  to  1  vertical.  The 
surface  was  of  limestone,  well  compacted,  to  form  a  solid  pavement, 
and  brought  to  a  true  grade. 

The  posts  of  the  fencing  along  the  sides  of  the  approaches  were 
prevented  from  leaning  by  a  wire  placed  under  the  macadam  and 
tightly  twisted. 

The  superstructure  was  finally  erected  when  the  abutments 
were  completed.  To  temporarily  support  this  a  net  work  of  piles 
and  false  work  was  erected  across  the  stream  and  removed  again  on 
the  completion  of  the  bridge. 
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C.  H.  Mitchell,  B.A.  Sc,  C.E. 


[The  writer  has  been  requested  to  prepare  a  paper  on  this  subject  in  the  hope 
that  it  may  prove  of  service  to  students  and  (graduates  upon  leaving  college.  The 
desire  being  to  refer  more  particularly  to  Hydraulic  Engineering,  this  specialty 
has  been  followed,  but  the  general  principles  outlined  would  be  quite  applicable  for 
other  branches  of  the  profession.] 

Not  until  quite  recent  years  has  the  true  place  of  a  scientific 
school  begun  to  be  assigned  in  the  education  of  the  young  engineer. 
While  a  quarter  of  a  century  ago  it  was  generally  admitted  that  edu- 
cation in  an  engineering  school  was  good,  but  not  a  necessity,  it  has 
come  of  late  to  be  generally  considered  an  indispensable  factor  in  the 
education  of  the  engineer.  This  is  so,  not  only  in  Canada,  but 
throughout  all  other  countries,  where,  during  tlic  past  few  decades, 
the  industrial  activity  has  been  very  marked. 

Previously  the  early  education  of  the  engineer,  in  whatever 
branch  he  might  select,  was  planned  out  for  him,  leading  through 
long  terms  of  pupilage  in  engineer  offices,  gaining  experience  through 
the  different  steps  of  the  work  in  the  specialty  or  group  of  specialties 
to  which  he  gave  attention.  The  place  of  the  school  or  college  in 
this  course  of  training  was  more  to  servo  as  providing  tlie  necessary 
foundation  of  general  education,  as  distinguished  from  a  scientific 
education,  and  the  student  was  expected  to  derive  his  scientific  attain- 
ment in  a  large  measure  from  his  experience  and  association  with  his 
comrades  and  superiors  engaged  in  his  engineering  work,  doing  so 
by  some  means  of  absorption  and  example  perhaps,  more  than  by 
special  devotion  to  study  and  research.  The  result  of  this  has  been 
the  production  of  the  famous  engincci-s  of  experience  who  have 
brought  us  to  the  modern  civilization,  who  1i;iv(^  loarnod  at  nature's 
school,  by  nature's  hand,  by  success  and  faihire.  Those  are  the 
men  who  have  enabled  our  modern  schools  to  adapt  the  actual  theory 
and  the  underlying  scientific  principles  to  the  real  work,  its  design, 
and  construction. 

Of  latter  years,  however,  the  process  of  crlucation  has  been 
different,  and  tlie  school  or  college  has  takm  a  very  ])rominent  part. 
The  school  has  supplied  not  only  tlie  'general  education,  but  the 
foundation,  and,  in  some  cases,  a  considerable  portion  of  tlie  techni- 
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cal  education.  Many  of  the  leading  schools  have,  of  latter  years, 
also  provided  a  means  -of  specializing  in  the  engineering  education, 
thus  providing  a  means  for  the  student  to  acquaint  himself  with  not 
only  the  theoretical  but  also  with  much  of  the  practical  work  of  his 
chosen  specialty.  It  does  not  follow,  however,  that  the  student 
graduating  from  a  college  in  one  of  these  engineering  specialties  can 
by  any  means  be  termed  an  expert,  although  there  are  some  well 
known  institutions  which  go  so  far  as  to  lay  claim  to  the  distinction 
of  graduating  its  students  as  "  Engineers  "  in  the  full  acceptation  of 
the  term.  The  writer  believes  that  the  principles  laid  down  in  con- 
nection with  the  School  of  Practical  Science  and  Toronto  University, 
with  reference  to  the  engineering  courses,  meet  the  modem  condi- 
tions in  an  eminently  satisfactory'  manner.  The  school  does  not 
pretend  to  do  more  than  prepare  the  student  in  his  theory  and  appli- 
■cation  of  the  theory,  to  teach  him  to  study  and  pursue  research,  and, 
to  a  certain  degree,  "  make  him  immediately  useful  when  he  com- 
mences actual  professional  work."  Most  engineering  works,  for  the 
design  and  construction  of  which  students  are  fitted,  are  such  that 
their  magnitude  and  general  nature  render  it  impossible  to  study 
them  in  such  a  manner  as  is  possible  to  students  in  other  professions. 
Many  colleges  meet  this  by  arranging  excursions  and  tours  of  inspec- 
tion to  interesting  engineering  works,  either  built  or  under  construc- 
tion. These,  however,  cannot  be  classed  as  anything  but  object 
lessons,  and  while  valuable  as  such,  do  not  permit  of  that  close 
insight  into  methods  and  design  of  detail  which  would  be  so  valuable 
to  the  young  student.  This  applies  primarily  to  engineering  works 
of  large  magnitude,  but  almost  equally  so  to  works  of  easier  access, 
particularly  of  a  mechanical  nature,  because  of  the  inability  of  the 
student  to  get  to  the  true  inwardness  of  the  work  in  the  short  time 
usually  at  his  disposal.  The  Toronto  courses  do  not  follow  this  plan, 
but  ])rescribe  a  much  better  means  by  encouraging  the  student  to 
employ  his  vacation  periods  in  actual  engineering  service  under  what 
may  be  termed  "  actual  working  conditions,"  and  in  this  way  at  once 
render  him  in  touch  with  the  professional  life.  Carrying  this  still 
further,  he  is  told,  after  ordinary  graduation,  to  go  out  into  the  pro- 
fessional world,  having  behind  him  his  college  or  academic  career 
with  its  primary  scientific  education,  and  its  mere  "  elements "  of 
prejiaration,  and  work  with  those  who  are  designing  and  construct- 
ing, learning  all  he  can  as  well  as  he  can.     After  three  years  of  this 
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active  life  under  working  conditions,  he  is  told  to  come  back  with 
his  record,  and  the  University  is  then  prepared  to  call  him  an 
Engineer. 

The  value  of  this  programme  of  education  is  but  partly  appre- 
ciated by  the  under-graduate  in  his  early  days  at  the  college,  nor  i& 
it  to  be  expected  that  he  should  see  it  as  do  the  older  and  experienced 
engineers  who  have,  perhaps,  learned  their  work  without  the  ad- 
vantage of  the  college  education.  The  young  man,  upon  graduation, 
has  learned  many  of  the  things  which  the  early  engineer  learned 
after  years  of  experience,  and  has  probably  become  in  a  few  years 
much  more  conversant  with  his  theory  and  principles  than  the  older 
man,  but  he  has  still  to  learn  those  things  which  the  latter  learned 
in  his  first  six  months.  He  has  beep,  taught  to  think  and  to  reason,^ 
but  he  has  yet  to  learn  to  work  and  to  work  hard,  and  incidentally 
to  compute,  design  and  superintend,  to  meet  emergency,  to  become 
a  friend  and  a  master  of  nature  and  her  laws,  and  above  all,  to  know 
men. 

It  is  upon  graduation  that  specialization  usually  manifests  itself, 
although  in  the  college  course  the  election  of  studies  may  have 
already  determined  it.  However,  in  most  cases  the  nature  of  the 
first  few  years  out  of  college  has  all  to  do  with  the  future  line  of 
work  and  may  be  considered  to  mould  the  taste  or  the  talent  of  the 
graduate  to  this  particular  direction.  It  is  at  this  time,  perhaps, 
more  than  at  any  other,  that  this  adaptability  of  the  student  to  a 
particular  line  of  engineering  becomes  apparent.  All  the  professions 
have  of  recent  years  tended  towards  a  division  into  specialties  and 
the  modern  life  is  made  up  of  the  work  of  the  expert  to  such  an 
extent  that  even  specialists  employ  other  specialists  on  their  work. 
This  is  equally  true  of  the  engineering  profession,  and  on  all  large 
works  the  designers  and  constructors  are,  in  reality,  a  group  or  statf 
of  experts  in  the  several  departments. 

Some  specialists  have  for  many  years  formed  distinct  branches 
of  engineering,  and  many  of  these  have  of  late  again  been  subdivided 
into  others,  each  having  its  followers.  That  of  hydraulic  engineer- 
ing has  existed  for  many  years  and  has  passed  through  many  phases 
of  interpretation.  New  lines  of  work  have  been  added  to  it,  and 
others  have  been  removed,  as  for  instance,  that  of  sewerage,  drainage, 
water  works  construction,  etc.,  wnich  are  now  usually  classed  with 
sanitary  or  municipal  engineering,  a  new  group.     Of  late  years,  and 
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particularly  during  the  past  decade,  hydraulic  engineering  held  a 
somewhat  unique  position  and  has  consequently  come  to  mean  not 
only  canal,  river  and  harbour  construction,  with  kindred  works,  as 
before,  but  water  power  development  in  all  its  branches.  In  the 
latter,  such  work  in  turn  frequently  calls  for  the  employment  of 
many  other  experts  or  special  specialists,  comprising  mechanical, 
electrical,  architectural,  mining  and  sometimes  chemical  engineers 
in  the  varied  classes  of  work  required  in  water  power  construction 
for  different  purposes. 

It  is  manifestly  impossible,  therefore,  for  the  young  graduate 
who  desires  to  enter  the  field  of  hydraulic  engineering,  having  in 
view  the  specialty  of  water  power  construction,  to  take  it  up  as  a 
single  study  in  the  same  manner  as  one  would  many  other  lines.  It 
is  further  evident  that  he  must  immediately  upon  leaving  college, 
seek  employment  on  works  which  will  quickly  put  him  in  touch  with 
this  branch  of  the  work.  In  this  department  of  engineering,  per- 
haps more  than  any  other,  should  the  student  follow  the  school  of 
experience,  outlined  as  being  that  in  vogue  before  the  days  of  the 
science  school.  It  is  only  in  this  method  of  getting  out  into  the 
actual  work,  that  hydraulic  engineering  can  be  studied,  for  the 
dearth  of  literature  upon  the  subject  is  very  marked.  Water  power 
engineering  in  reality  is  a  very  new  line,  and  previous  to,  say,  twenty- 
five  years  ago,  it  was  studied  by  scientific  men  to  but  a  small  extent. 
No  doubt  the  perfecting  of  long  distance  electric  transmission  has, 
within  recent  years,  brought  the  whole  question  very  strongly  before 
the  engineering  profession,  and  electricity  and  hydraulic  work  are 
now  destined  to  be  grouped  definitely  together.  Owing  to  the  recent 
growth  of  this  branch,  the  literature  on  water  power  questions  is 
nearly  all  in  magazine  and  periodical  form,  while  the  manufacturers 
of  machinery  are  adding  quickly  to  it  by  advertising  matter,  in  the 
form  of  experimental  research. 

The  writer  would  advise  graduates  of  the  School  of  Practical 
Science,  desirous  of  following  this  line,  to  obtain  employment  in,  or 
at  any  rate  to  visit  and  carefully  examine  designs,  methods  of  con- 
struction and  operation  at  water  power  centres,  not  only  in  Canada 
and  the  United  States,  but  if  possible  in  Europe.  America,  while  not 
in  the  lead  in  research  in  this  branch  of  engineering,  is  doubtless 
destined  to  become  essentially  a  water  power  or  hydro-electric  power 
using  continent.  Already  hydraulic  enterprise  is  far  beyond  that  of  the 
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old  world,  and  Canada,  on  account  of  her  vast  power  resource,  is  not 
to  be  by  any  means  behind  in  this  progress.  It  is  to  Switzerland, 
Italy  and  Germany,  however,  that  even  yet  we  have  to  look  for  the 
lead  in  real  scientific  work,  particularly  under  high  heads.  Xearer 
at  home,  however,  the  student  should  be  acquainted  with  the  char- 
acteristics of  the  rivers,  watersheds,  falls,  and  physical  features,  the 
methods  of  development,  the  conditions  of  operation  and  mainten- 
ance, and  of  the  available  markets  for  power  generated,  existing  in 
the  locality  of  each  power  centre.  Grouped  roughly,  these  centres 
might  be  said  to  comprise,  in  Canada :  British  Columbia,  Xew  Ontario, 
the  "  Soo,"  Niagara  Falls,  St  Lawrence  and  Ottawa,  Quebec,  and  as 
yet,  to  a  small  extent,  several  centres  in  the  Maritime  Provinces.  In 
the  United  States  are  Massachusetts  and  Connecticut,  which  are 
probably  pioneers,  New  York  State,  with  Xiagara  Falls  and  the 
Adirondacks,  Minneapolis,  Colorado,  Montana  and  California,  where 
the  boldest  transmission  work  has  been  attempted,  and  a  few 
scattered  centres  in  the  south.  All  of  these  have  their  own  distinct 
features,  and  each  forms  a  special  study  in  problems  of  high  or  low 
heads,  large  units,  floods,  ice,  and  cold  weather  conditions,  trans- 
mission or  peculiarity  of  use. 

The  course  to  be  followed  by  a  student  is  plainly  to  gain  experi- 
ence by  close  association  with  power  construction  in  several  of  these 
centres,  and  particularly  in  the  designing  and  erection  of  new  pro- 
positions if  possible.  The  graduate  from  college  could  expect  to 
iirst  obtain  employment  at  tracing,  or  other  subordinate  work  at 
which  he  must  some  time  start,  and  if  ability  is  displayed,  it  will  be 
but  a  short  time  before  he  may  assist  in  design  of  details,  or  if  his 
inclinations  are  such,  he  may  get  "  out  on  the  work "'  as  a  field  man 
or  superintendent  of  construction.  From  this  work  his  real  experi- 
ence will  date,  and  his  value  as  a  specialist  increase  with  time.  If 
he  applies  himself  to  become  thoroughly  acquainted  with  all  the 
details  of  the  work  from  design  to  operation,  he  should  become  very 
valuable  in  his  one  branch,  commandino-  high  remuneration,  and  not 
requiring  to  seek  his  employment. 

To  conclude,  there  is  but  one  school,  and  tliat  is  experience, 
and  but  one  master,  and  that  is  nature.  The  student,  thougli  lie  be 
first  man  in  his  year  at  college,  must  expect  to  start  the  humblest 
scholar,  but  after,  Avith  opportunity  and  energy,  lie  may  ho]ie  to  earn 
rapid  promotion  with  golden  opinions  for  himself  and  his  work. 
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Chief  Engineer  of  the  Trent  Canal,  in  kindly  permitting  the  writing  of  this  paper, 
is  thankfully  acknowledged  by  the  writer.] 

PRELIMINARY. 

Tlie  hydraulic  lift  lock  on  the  Trent  Canal  has  been  considered 
worth}^  of  a  special  paper  owing  to  the  fact  that  it  is  not  onh'  the 
only  one  of  its  kind  on  the  American  continent,  but  also  because  it 
surpasses  in  capacity  and  in  height  of  lift  anything  of  its  type  that 
has  hitherto  been  attempted. 

In  order  to  get  a  clear  idea  of  the  route  on  which  this  lock  is 
being  constructed,  it  might  be  well  to  state  that  the  Trent  Avater-way 
consists  of  a  series  of  rivers  and  lakes  connected  by  artificial  canals. 
It  is  intended  to  form  a  connecting  link  between  the  southern  end 
of  Georgian  Bay,  at  Midland  Harbour,  and  Trenton,  on  the  Bay  of 
Quintc,  leadmg  to  Lake  Oniario.  This  canal,  which  has  been  under 
contemplation  for  a  great  number  of  years,  and  which  was  originally 
selected  by  the  Royal  Engineers  of  England  as  the  most  practicable 
route  between  the  upper  lakes  and  the  seaboard,,  is  now  being  ex- 
peditiously pushed  forward  by  the  Government  of  the  Dominion  of 
Canada,  and  several  contracts  have  been  let  and  many  of  them  com- 
pleted during  the  last  six  years.  Of  the  the  total  length  of  203 
miles,  only  about  33  require  to  be  completed  to  furnish  navigation 
throughout  the  whole  distance. 

Leaving  Midland  Harbour,  where  there  is  a  depth  of  water  of 
about  20  feet,  the  route  is  intended  to  pass  by  way  of  the  River 
Severn  into  Lake  Simcoe,  this  part  of  it  as  yet  having  had  no  work 
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done  on  it.  From  Lake  Simcoe,  through  the  valley  of  the  Talbot  River, 
Balsam  Lake  is  reached,  and  from  here  access  is  had  to  a  chain  of 
magnificent  lakes,  many  of  which  equal  in  grandeur  of  scenery  the 
Thousand  Islands.  Leaving  this  chain  of  lakes  the  route  enters 
the  Eiver  Otonabee,  which  is  better  known  at  its  lower  end  as  the 
Trent,  passing  through  the  town  of  Peterborough  into  Eice  Lake 
and  Ihence  to  the  Bay  of  Quinte.  The  whole  of  the  route  passes 
through  a  fertile  and  progressive  part  of  the  Province,  and,  from  a 
local  point  of  view,  Avill  be  of  immense  benefit  to  the  inhabitants 
of  these  parts.  Many  towns  of  considerable  size  and  importance  are 
located  along  the  route.  The  chief  importance  of- the  water-wa}', 
however,  is  thought  to  be  its  value  for  barge  navigation,  per- 
mitting grain  from  the  west  to  be  brought  in  large  vessels  into 
Midland  Harbour,  here  breaking  bulk  and  unloading  it  into  barges, 
which  will  be  towed  in  lines  of  from  two  to  six  through  this  route 
down  the  St.  Lawrence,  to  the  ocean  vessels  in  Montreal. 

The  works  of  the  canal  are  being  constructed  in  the  most  sub- 
stantial and  modern  manner.  The  locks,  with  the  exception  of 
three,  are  of  the  ordinary  type,  and  built  entirely  of  concrete;  some 
of  them  are  said  to  have  been  the  first  of  the  kind  in  Canada.  All 
the  bridges  are  of  steel,  and  very  little  timber  is  used  in  any  struc- 
ture above  water  level;  so  the  entire  work  is  carried  out  with  the 
idea  of  complete  .permanency.  The  hydraulic  lock,  with  which 
we  chiefly  deal,,  is  located  in  a  section  of  four  miles  of  the  canal 
"which  is  built  to  overcome  the  obstructions  to  navigation  found  in 
the  Eiver  Otonabee  where  it  passes  the  town  of  Peterborough  and 
where  there  are  many  water  powers  in  use  for  manufacturing  pur- 
poses. The  total  difference  in  elevation  in  this  section  is  77  feet. 
After  leaving  the  river  at  the  upper  end  about  three  miles  and  a 
half  of  canal  is  formed  by  short  lengths  of  excavation  and  natural 
valleys  until  a  slope  of  a  hill  is  reached,  where  a  difference  in  eleva- 
tion of  65  feet  is  found  in  a  distance  of  about  800  feet.  Here  the 
hydraulic  lock  is  located  and  the  difference  in  height  overcome  in 
one  lockage.  About  a  quarter  of  a  mile  further  along  the  route 
has  been  built  a  lock  of  the  ordinary  type,  which  leads  again  into 
the  natural  water. 

The  hydraulic  lift  lock  is,  theoretically,  an  automatic  machine, 
and  is  devised  to  take  the  place  of  the  ordinary  lock,  where  great 
differences  in  elevation  are  found  in  a  comparatively  short  distance. 
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The  first  lock  of  this  type  was  built  by  the  inventor,  Mr.  Edwin 
Clark,  of  Clarik  &  Standfield,  Hydraulic  Engineers,  London,  Eng- 
land, about  the  year  1872,  in  England,  at  Anderton,  on  the  River 
Weaver,  to  connect  the  Trent  and  Mersey  canals.  While  it  differs 
somewhat  in  some  particulars  from  the  two  other  locks  since  con- 
structed, it  has  answered  its  purpose  admirably  and  has  given  no 
trouble.  The  same  gentleman  has  also  built,  or  has  been  connected 
with  the  building  of,  a  lock  of  much  larger  dimensions  at  Les 
Fontinettes,  in  France,  and  at  La  Louviere,  in  Belgium.  The  Bel- 
gian Government  has  at  present  in  some  stage  of  construction  four 
other  locks  of  the  same  type.  The  chief  dimensions  of  the  Anderton 
lock  are:  lift,  50  feet;  length  of  chambers,  75  feet;  width,  15^  feet. 
The  two  locks  already  built  on  the  continent,  as  Avell  as  those  con- 
templated, have  a  lift  of  about  50  feet,  with  chambers  l-tO  feet 
long,  19  feet  wide,  with  7  feet  10  inches  normal  depth  of  water. 

With  this  contrivance  a  lockage  is  performed  by  the  vessel  float- 
ing into  a  box  or  tank  of  water  \vhich  can  be  shut  off  from  the  adja- 
cent reach.  The  box,  with  the  water  and  the  floating  vessel,  is  then 
raised  or  lowered  to  the  other  reach,  with  which  communication  can 
also  be  made.  The  power  required  to  control  the  lowering,  or  to 
accomplish  the  raising,  is  obtained  by  having  a  similar  box  con- 
nected with  the  other. and  balancing  it.  Each  of  the  boxes  is  carried 
on  the  top  of  a  ram  working  in  a  hydraulic  press.  The  two  presses 
are  filled  with  water  and  are  connected  by  a  pipe.  The  rams  are 
arranged  so  that  when  one  is  up  the  other  is  down.  The  uppermost 
box  is  made  heavier  than  the  other.  When  a  valve  on  the  connect- 
ing pipe  is  opened  the  heavier  box  in  descending  forces  down  its 
ram,  displacing  the  water  from  its  press  into  the  other  press,  making 
the  ram  protrude  and  carrying  the  lighter  box  up  with  it. 

The  manner  of  constructing  the  Canadian  lock  varies  materially 
from  those  already  built  in  about  the  same  way  that  Aniericau  ])rac- 
tice  varies  from  European,  and  so  far  as  outward  ajipcarance  is  con- 
cerned, when  the  present  work  is  finished,  there  will  be  little  simi- 
larity, although  the  principles  necessarily  remain  the  same. 

THE  SUBSTRUCTURE. 

As  has  been  stated,  the  lock  is  located  on  a  gradual  s1o]h\  The 
excavation  was  begun  in  189().  The  exact  point  of  location  was 
chosen  so  that  an  average  depth  of  excavation  of  about  -40  feet  was 


HYDRAULIC   LIFT   LOCK   ON   THE   TRENT   CANAL.  127 


r 
5 


O 


B'$ 


c  t 
:9  i* 


128  HYDRAULIC   LIFT   LOCK    ON   THE   TRENT   CANAL. 

required,  and  the  material  thus  obtained  was  used  in  forming 
embankment  to  complete  the  length  of  the  upper  reach.  The 
remainder  of  the  material  required  to  finish  this  embankment  was 
obtained  from  the  earth  cutting  above  the  lock. 

The  excavated  material  was  found  to  be  of  a  hard  clay  mixed 
with  small  stones  and  boulders  underlj-ing  a  thin  layer  of  fertile 
soil.  At  the  northern  end  of  the  excavation,  where  it  was  a  little 
the  deeper,  a  small  amount  of  hard-pan  was  encountered,  and  below 
this  a  shaly  lime-stone  rock.  This  rock  was  in  layers  of  from  half 
an  inch  to  eight  inches  in  thickness,  between  which  were  thinner 
layers  of  clayey  and  "shaly  material.  The  layers  of  rock,  which  are 
of  crystalline  structure,  stand  the  weather  very  well,  but  the  shaly 
parts  disintegrate  very  rapidly  under  the  action  of  rain  and  frost. 

The  elevation  at  which  this  rock  was  found  proved  to  be  an 
exceedingly  fortunate  one,  requiring  as  it  did  very  little  expensive 
excavation,  and  at  the  same  time  providing  an  excellent  foundation 
for  the  heavy  substructure  and  saving  much  concrete  that  would 
otherwise  have  been  required  for  footings.  It  might  also  be  added 
that  the  discovery  of  the  rock  was  a  pleasant  surprise,  as  many 
common  wells  had  been  sunk  in  the  neighbourhood  to  considerable 
depths  without  having  encountered  rock,  and  the  borings  made  on 
the  site  had  not  been  sufficiently  extensive  to  discover  it.  The  pre- 
liminary plans  were  prepared  for  establishing  the  substructure  on 
earth.  Before  the  work  had  progressed  to  any  extent,  however, 
extensive  borings  were  made  to  determine  the  character  of  the  under- 
lying strata,  in  order  that  the  contract  for  the  wells,  in  which  the 
large  presses  stand,  might  be  let  with  some  degree  of  certainty. 
One  of  the  borings  was  made  by  a  small  horse-power  machine  to  a 
depth  of  about  130  feet  below  the  surface  of  the  ground,  5nd  accurate 
notes,  which  have  proven  themselves  correct  in  the  work  which  has 
since  been  completed,  were  made  as  the  borings  progressed.  The 
rock  was  also  a  decided  advantage  for  the  construction  of  the  wells, 
which  were  about  80  feet  deep.  Its  nature  permitted  it  to  be 
blasted  and  excavated  with  comparative  ease,  and  no  difficulty  what- 
ever was  experienced  in  making  an  excellent  job  of  the  excavation 
at  a  very  small  cost. 

The  foundations  in  the  wells  require,  as  will  be  seen  from  what 
has  been  already  said  concerning  the  principle  of  the  operation  of 
the  lift,  that  the  utmost  care  be  exercised  in  order  that  there  shall 
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be  no  failure  at  this  place,  the  total  weight  of  the  lock  chamber, 
■with  its  burden,  having  to  be  supported  on  the  com-paratively  small 
base  which  the  well  affords.  Here  again  the  rock  proved  of  great 
value.  The  total  load  at  the  bottom  of  the  presses  is,  in  round 
numbers,  2,000  tons,  a  rather  heavy  load  to  trust  on  so  small  an 
area  of  ordinary  masonry  foundation,  and  very  much  more  than  was 
•considered  advisable  to  put  upon  the  somewhat  poor  quality  of  lime- 
stone found  in  the  bottoms.  On  account  of  this  rather  excessive 
load  and  its  uneven  distribution  at  the  press  base,  it  was  decided  to 
use  blocks  of  granite  so  arranged  as  to  distribute  the  pressure  uni- 
formly over  a  sufficient  area  of  the  natural  rock  to  give  a  bearing 
which  seemed  favourable  under  the  conditions,  and  further,  in  order 
that  not  the  slightest  risk  should  be  run  in  incurring  possible  acci- 
dent and  consequently  enormous  expense,  these  foundations  were 
dealt  with  liberally  and  more  expensive  stones  were  used  than  would 
probably  be  called  for  under  other  circumstances. 

The  courses  of  granite  were  specified  to  be  between  24  and  30 
inches  in  thickness,  and  some  of  the  stones  were  7  feet  6  inches 
square,  giving  a  weight  (about  11  tons)  requiring  care  in  handling, 
and  affording  no  little  difficulties  in  the  way  of  setting  at  such  a 
^reat  depth  below  the  surface.  Three  courses  of  granite  have  been 
laid  and  finished  in  the  wells  and  a  very  satisfactory  Job  has  been 
made.  The  design  of  these  foundations  will  be  seen  by  reference 
to  the  drawing  on  page  131. 

The  walls  of  the  wells  are  very  regular  and  reflect  credit  on  the 
man  in  charge  of  the  work.  By  judicious  arrangement  of  the 
charges  of  dynamite  and  blasting  very  little  divergence  was  made 
from  the  truly  cylindrical  form,  16  feet  6  inches  in  diameter,  which 
was  required  by  the  specification.  It  was  decided,  in  order  to  pre- 
vent the  disintegration  of  the  walls  of  the  wells,  to  line  the  sides  with 
concrete.  The  thickness  of  the  lining  is  sufficient  to  form  a  finished 
diameter  of  14  feet  2  inches,  in  this  way  leaving  a  clearance  all  round 
the  main  presses  of  3  feet.  It  is  not  necessary  that  this  lining  be 
water  tight,  although  it  is  believed  that  it  is  practically  so,  as  the 
wells  will  be  constantly  full  of  water  and  will  require  to  be  unwatered 
at  intervals  of  perhaps  five  years  for  inspection  purposes.  Adequate 
mo.ins  in  the  way  of  pumps  are  afforded  for  this  purpose.  In  put- 
ting these  linings  in,  the  water  was  permitted  to  follow  up  the  con- 
crete work,  thus  relieving  the  pressure  of  any  leaks  through  the 
s.p.s.  \< 
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rock  on  the  tender  mortar  by  balancing  it.  This  lining  is  carried 
up  to  the  top  of  the  wells  and  is  finished  at  the  floor  of  the  lock- 
chamber  pit. 

The  substructure  of  the  lock  is  built  entirely  of  concrete  and 
contains  about  26,000  cubic  yards.  Of  this  amount  some  25,000 
cubic  yards  are  already  placed.  The  work  has  been  carried  out 
according  to  the  working  general  plans  which  accompany  this  paper, 
and  which  have  the  special  title  "  Masonry  "  and  are  numbered  1  to 
10.  The  substructure  may  be  divided  for  convenience  into  (a)  main 
or  breast  wall,  which  serves  the  purpose  of  a  retaining  wall  for  the 
upper  reach;  (b)  the  wings,  that  further  act  as  retaining  walls  in 
holding  the  side  embankments,  which  will  be  seen  by  reference  to 
plan;  (c)  the  side  walls,  which  form  retaining  walls  for  the  earth 
along  the  sides  of  the  lock;  (d)  the  towers,  the  duty  of  which  is  to 
maintain  the  lock  chambers  in  their  vertical  motion;  and  (e)  the 
lower  gateways  which  end  the  lower  reach.  'All  the  walls  (excepting 
the  wings)  form  a  dry  pit,  or  rather  two  dry  pits,  into  which  the 
metal  lock-chambers  descend. 

The  main  wall  is  40  feet  in  thickness  and  about  80  feet  in 
height;  the  length  being  126  feet  at  the  base.  At  about  15  feet 
from  the  rock  surface  there  is  formed  for  convenience  a  chamber  or 
room,  which  is  called  the  pump  room,  in  which  the  turbines  and 
pumps  are  installed.  This  room  is  12  feet  wide,  17  feet  high  and 
110  feet  long,  including  partitions  8  feet  in  thickness,  which  are 
intended  to  assist  in  taking  the  shear  through  the  otherwise  weak- 
ened cross-section  of  the  wall.  At  about  the  original  natural  sur- 
face of  the  ground  the  wall  is  pierced  longitudinally  by  a  roadway, 
which  will  form  a  continuation  of  the  line  of  the  main  street  run- 
ning through  the  town  of  Peterborough,  giving  access  for  vehicles 
to  the  furthermost  side  of  the  canal  and  dispensing  with  the  ordi- 
nary swing  bridge.  This  roadway  is  14  feet  wide  and  21  feet  high. 
In  the  top  part  of  the  wall  are  formed  recesses  for  the  gates  which 
close  the  ends  of  the  upper  reach.  Access  is  provided  from  the  pump 
room  to  the  roadway  by  a  staircase  formed  in  the  concrete  wall, 
and  one  may  also  pass  from  the  roadway  to  the  upper  level  by  a 
spiral  iron  staircase  placed  in  a  cylindrical  void  formed  in  the  con- 
crete. Viewed  from  the  side  nothing  of  the  main  wall  will  appear 
below  the  level  of  the  roadway.     On  this  elevation  an  attempt  has 
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been   made   to    obtain    an    architectural    effect   by    mouldings    and 
pilasters. 

The  wings  are  situated,  as  will  be  seen  from  the  plans,  at  the 
uppermost  side  of  the  main  wall,  extending  55  feet  beyond  it. 
Their  form  may  best  bfe  seen  by  reference  to  the  plans.  They  are 
carried  down  to  the  rock  bottom  in  order  that  there  may  be  no  undue 
settlement  between  the  main  wall  and  the  wings  to  cause  unsightly 
cracks  on  the  face  and  awkward  breaks  on  the  top  surface.  At  the 
bottom  the  wings  are  only  40  feet  in  length,  the  full  55  feet  being 
made  up  by  cantilevering  out  15  feet  at  the  elevation  of  about  4T 
feet  above  the  rock  level.  Considering  also  the  light  duty  which 
these  walls  are  called  upon  to  perform,  they  have  been  made  cellular 
in  construction.  Along  their  outer  sides  a  stairway  is  carried  up 
as  a  mean  of  access  from  the  roadway  level  to  that  of  the  upper  reach, 
and  the  mouldings  of  the  main  wall  are  continued  along  the  exposed 
sides  of  the  wings.  The  side  elevation  will  convey  very  little  idea 
of  the  differences  in  construction  of  these  two  parts  of  the  work, — 
the  main  wall  and  the  wings. 

The  side  walls,  as  it  has  been  said,  form  retaining  walls  for  the 
earth  along  the  sides  and  are  intended  to  maintain  the  lock-chamber 
pits  perfectly  dry.  These  walls  are  of  solid  section  and  present  no 
especial  features.  At  the  points  next  the  main  wall  stairways  are 
carried  up  from  the  level  of  the  lower  reach  to  that  of  the  roadway 
as  a  convenient  means  of  access  from  one  to  the  other,  and  also  to 
provide  a  sort  of  buttress  to  the  main  wall.  In  the  term,  side-^ialls, 
is  included  a  wall  12  feet  in  width  extending  along  the  central  line 
of  the  construction  and  dividing  one  pit  from  the  other. 

The  towers,  three  in  number,  are  located  on  the  same  trans- 
verse centre  line  as  the  two  wells.  In  round  numbers  the  total 
height  of  each  from  rock  bottom  to  the  top  is  100  feet.  Each  of 
the  side  towers  has  a  base  29'  6"  x  40'  8",  which  decreases  somewhat 
at  the  elevation  of  the  top  of  the  side  walls.  From  this  upwards 
the  base  of  the  tower  is  battered  for  a  continual  height  of  45  feet; 
and  above  this  the  shaft  on  all  sides  is  vertical  18'  x  18'  G".  For 
operating  purposes  it  is  necessary  to  build  the  inside  face  of  the 
tcwer  plumb  from  top  to  bottom.  The  central  tower  has  for  the 
same  reason  to  be  plumb  on  both  ilie  sides  next  the  chamber,  while 
its  other  two  sides  conform  to  the  same  lines  as  those  of  the  side 
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towers.  Its  width  tliroiiglioiit  is  13  feet.  The  towers  have  been 
tieated  in  the  same  architectural  manner  as  the  main  wall. 

The  lower  gateways  extend  from  the  rock  to  the  top  of  the  side 
walls,  and  are  formed  to  accommodate  the  steel  gates  which  close 
the  ends  of  the  lower  reach.  In  the  centre  between  the  gates  is  a 
small  chamber  which  contains  the  hydraulic  engine  used  to  operate 
the  gates. 

It  will  be  seen  by  referring  to  the  masonry  plajis,  for  instance 
No.  3,  that  the  concrete  work  is  built  in  sections — the  main  wall 
stands  by  itself,  being  separated  in  construction  from  the  side  walls. 
In  the  same  way  the  towers  are  not  bonded  with  the  adjacent  side 
walls  excepting  in  a  lateral  direction,  by  what  is  termed  on  the  works 
a  ''  key."  The  object  of  this  system  of  construction  is  to  obviate 
unsightly  cracks,  which  occur  from  uneven  loading  on  the  founda- 
tion, as  well  as  from  contraction  and  expansion  due  to  the  extreme 
changes  of  temperature.  It  has  been  found  in  concrete  work  if 
lines  of  weakness  are  not  provided  in  construction  they  form  them- 
selves in  a  short  period  of  time.  These  lines  of  weakness  are  formed 
by  placing  a  partition  or  "  bulkhead "  from  face  to  back  of  the 
moulding  of  the  wall,  and  keeping,  the  concrete  work  on  one  side  of 
it  a  few  feet  higher  than  the  other.  Before  the  lower  side  is  brought 
up  the  bulkhead  is  removed  and  the  new  concrete  is  placed  against 
that  formed  by  the  bulkhead.  The  vertical  line  thus  formed  is 
marked  by  a  small  triangular  piece  of  wood  3-8"  on  a  side,  tacked 
to  the  face  forming  and  which  is  removed  with  the  forming.  These 
vertical  lines  are  never  noticed  on  the  walls,  whereas  a  crack  is  com- 
mented upon  by  nearly  everybody.  "Where  the  construction  has  to 
provide  against  unwatcring  and  keep  the  water  from  leaking  through 
from  the  back,  the  keys  above  referred  to  are  introduced. 

Tlie  concrete  of  the  hydraulic  lock  goes  under  the  general  speci- 
fications for  concrete  used  on  this  section  of  the  canal.  By  the 
specification  the  concrete  has  to  be  formed  of  clean  sharp  sand, 
gravel,  approved  field  stone  broken  to  about  2-inch  cubes,  clean 
water  and  Portland  cement.  The  cement  is  provided  by  the  Govern- 
ment. 

The  cement  used  is  Portland  of  the  best  quality.  About 
ninety-five  per  cent,  of  that  used  was  of  Canadian  manufacture. 
About  five  thousand  barrels  of  German  Portland,  which  proved  to 
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be  of  excellent  quality,  were  also  used.  The  Government  maintains 
an  excellent  cement  laboratory,  with  an  efficient  chemist  in  charge, 
where  all  the  cement  undergoes  rigid  examination  before  it  is  used. 

The  sand  and  gravel  is  subjected  to  very  rigid  inspection,  and 
none  is  allowed  to  be  used  in  which  there  is  an  appreciable  amount 
of  clay  or  foreign  miaterial.  For  mortar  not  to  be  incorporated  into 
concrete  the  sand  is  kept  separate,  but  for  concrete  purposes  the 
sand  and  gravel  is  mixed,  and  an  effort  is  made  to  get  the  sand  and 
gravel  uniformly  graded  from  the  size  which  would  ordinarily  be 
called  sharp  sand  up  to  gravel  stones  an  inch  and  a  half  in  diameter. 

About  two-thirds  of  the  concrete  already  in  place  has  been 
mixed  by  a  "  continuous "  mixer,  which  is  a  long  box  of  square 
section,  open  at  both  ends,  set  on  an  incline  and  caused  to  rotate. 
The  ingredients  of  the  concrete  are  fed  into  a  hopper  at  the  upper 
end,  water  is  forced  into  the  upper  end  of  the  box  from  a  hose  held 
a^  the  lower  end,  and  the  materials  by  the  time  they  reach  the  lower 
end  of  the  box  are  pretty  well  incorporated.  With  care  an  excel- 
lent concrete  can  in  this  way  be  produced.  The  remainder  of  the 
concrete  has  been  made  with  a  "  cubical  '•  mixer,  being  a  cubical 
steel  box  pivoted  with  one  of  its  long  diagonals  horizontal.  The 
box  is  charged  with  the  required  proportions  of  material,  the  lid 
closed  and  the  box  rotated.  "When  the  materials  have  become  suffi- 
ciently incorporated,  which  can  best  be  determined  from  experiment, 
the  rotation  is  stopped  and  the  contents  discharged.  This  mixer 
has  an  advantage  over  the  continuous  one  above  described  that  the 
material  may  be  manipulated  as  long  as  it  may  be  considered  neces- 
sary, and  one  is  quite  aware  of  the  amount  of  mixing  in  a  batch 
of  concrete;  whereas  with  the  continuous,  it  is  impossible  to  tell 
just  where  one  batch  ends  and  another  starts.  This  in  nu\ny  cases 
is  a  disadvantage  and  requires  most  careful  watching,  particularly 
when  it  is  desired  to  iise  concrete  of  varied  strength  to  suit  the 
requirements  of  special  parts  of  the  work. 

In  the  substructure  the  proportion  of  the  ingredients  is  varied 
according  to  the  importance  of  the  parts.  For  example,  in  the  towers 
the  batches  were  made  by  adding  an  additional  bag  of  cement,  mak- 
ing in  this  manner  a  stronger  mortar,  but  using  about  the  same 
amount  of  stone  as  in  ordinary  work.  The  mixture  of  ordinary 
concrete  is  given  by  the  specification  as  follows: — To  each  cubic  yard 
of  approved  broken  stone  there  shall  be  added  half  a  cubic  yard  of 
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screened  gravel,  one  quarter  of  a  cubic  yard  of  sand  and  three  and 
one-half  cubic  feet  of  Portland  cement. 

This  mixture  will  not  work  in  these  rigid  proportions  in  all 
cases, — the  kind  of  cement,  the  fineness  of  the  sand  and  the  gravel 
and  the  product  of  the  stone  crushers  all  having  an  influence.  The 
idea  is  to  have  a  rich  mortar  which  will  bind  the  coarse  materials 
together,  the  varjdng  sizes  of  the  gravel  and  of  the  broken  stone 
giving  uniformity  of  density  to  the  mass.  It  has  always  been  found 
necessary  to  separate  the  different  parts  for  trial  mixtures,  and  in 
these  the  stone  and  gravel  is  added  to  "  fill." 

All  of  the  concrete  is  made  and  placed  under  careful  inspection 
and  the  component  parts  are  Avatched  to  see  that  no  changes  in  the 
conditions  occur. 

On  all  the  exposed  faces  of  the  work,  mortar  (generally  1  cement 
to  2^  or  3  of  sand)  to  a  depth  of  about  three  inches  is  placed.  This 
mortar  is  mixed  at  the  same  time  as  the  remainder  of  the  concrete, 
and  is  deposited  simultaneously,  usually  bv  one  man  with  a  shovel, 
who  does  nothing  else  but  attend  to  this  matter,  keep  the  moulds 
clean,  and  see  that  none  of  the  coarser  material  of  the  concrete  is 
allowed  to  touch  the  forming  which  retains  the  concrete  in  position 
until  settling  has  taken  place. 

The  forming  or  moulding  throughout  is  made  of  pine  lumber, 
three  inches  in  thickness  and  about  ten  inches  wide.  The  face  side  of 
the  timber  is  dressed  to  a  smooth  surface  and  the  edges  of  the  planks 
are  rabbeted  so  as  to  form  a  lap  joint.  The  studding  to  support  this 
surface  is  required  by  the  specifications  to  be  6"  x  8"  stuff  set  up  at 
about  4  foot  centres.  It  has  been  found  absolutely  necessary  to  use 
stiff  forming  like  the  above  in  order  to  preserve  uniform  lines  on  the 
face  of  important  walls.  Back  lines  of  the  walls  are  constructed  by 
rough  inch  boarding  which  oftentimes  does  not  present  a  very 
workmanlike  appearance  as  far  as  the  carpentry  is  concerned,  but 
so  long  as  the  lines  are  kept  reasonably  near  Avhat  is  intended  noth- 
ing more  is  required  in  this  particular. 

THE  SUPERSTRUCTURE. 

The  superstructure  of  the  hydraulic  lock,  which  is  under  con- 
tract with  the  Dominion  Bridge  Company  of  Montreal,  was  let  in 
the    spring    of  1898.      Some    slight    modifications    in     the    plans. 
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however,  have  been  made  from  time  to  time  as  a  more  complete  and 
careful  study  showed  that  this  could  be  done  to  advantage;  but  in 
the  main  details  the  contract  plans  have  been  rigidly  adhered  to. 
For  purposes  of  description  it  would  perhaps  be  well  to  separate  the 
construction  into  its  different  important  parts, — the  lock-chambers, 
the  guides,  the  gates  and  their  operating  machinery,  and  The  auxili- 
ary mechanical  plant. 

THE   LOCK  CHAMBERS. 

As  has  already  been  mentioned,  the  lock  chambers  of  this  lock 
are  very  much  larger  than  those  of  any  lock  previously  built,  having 
a  width  practically  double  that  of  the  largest  of  the  others.  The 
clear  inside  dimensions  of  each  of  the  chambers  are  139  feet  long 
and  33  feet  wide,  with  a  free  board  of  9  feet  10  inches.  These 
dimensions,  with  the  exception  of  the  depth  of  water,  are  fixed  by 
Government  commission;  and  it  is  necessary,  as  well  as  complying 
with  the  conditions  above,  that  a  clear  headway  of  25  feet  be  left 
above  the  water-level.  (It  would  appear  that  these  sizes  were  deter- 
mined upon  from  the  construction  of  the  old  form  of  side  wheelers 
in  common  use  on  the  Trent  waters  some  years  ago.)  The  depth 
of  water  for  which  the  lock  is  constructed  would  be  called  in  ordi- 
nary navigation  language  "  8  feet  on  the  sills,"  and  the  whole  of 
the  construction  of  the  canal  at  the  present  time  is  being  carried 
on  with  a  view  to  using  this  depth  of  water,  although  G  feet  is  the 
nominal  depth  of  the  canal.  The  load  of  water  which  each  of  the 
lock  chambers  will  contain  is  about  1,700  tons,  and  this  is  the  maxi- 
mum load  which  it  is  necessary  to  provide  for,  since  when  a  vessel 
is  floating  in  the  chamber  it  is  merely  a  question  of  displacement. 
The  trusses  which  carry  the  load  of  the  chamber  are  double  canti- 
levers. The  form  of  these  girders  has  been  changed  from  that 
shown  on  the  drawings  by  making  the  chords  parabolic  in  form,  in 
order  to  obtain  a  horizontal  platform  at  the  ends  next  to  the  reaches. 
The  depth  of  the  trusses  at  the  centre  is  33  feet,  this  depth  having 
been  chosen  with  a  view  to  preventing  the  teetering  tendenc}'',  which 
is  always  present,  rather  than  that  of  lowering  the  stresses  due  to 
the  water  load.  The  trusses  are  simple,  and  it  is  not  necessary  in 
any  of  the  members  to  provide  for  alternate  stresses,  as  the  load  is 
constant  and  always  in  the  same  direction.  All  the  connections  are 
riveted  and  stiff;  the  top  chord  cover-plate  is  30  inches  in  width. 
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the  diagonals  are  of  flat  rolled  bars  throughout.  The  stresses  with 
the  material  are  given  on  the  drawing  on  page  137.  The  floor 
bams  and  stringers  extend  under  the  whole  of  the  plating  and  will 
fonn  a  very  stiff  frame-work  for  it.  ISTo  lateral  bracing  has  been 
provided,  as  it  is-  considered  that  the  plating  itself  will  be  quite  suffi- 
cient to  withstand  any  wind  stresses.  The  plating  of  the  chambers 
is,  in  the  lower  part,  3-8  of  an  inch  thick,  steel,  with  5-16  along  the 
sides.  The  plates  are  arranged  of  such  a  width  that  there  will  be 
very  little  fouling  of  the  stringers  and  floor  beams,  and  they  are 
joined  by  butt  splice  plates  4^  inches  wide  throughout.  The  rivet- 
ing of  the  plating  is  put  in  in  the  same  way  as  for  boiler  work,  and 
all  the  edges  of  the  splice  plates  are  caulked  by  the  concave  method. 
The  whole  of  the  load  of  the  chambers  is,  as  will  be  seen,  brought 
directly  on  to  the  top  of  the  rams  by  plate  girders  9  feet  in  depth. 
There  are  four  of  these  girders,  each  taking  practically  an  equal 
share  of  the  load,  as  will  be  seen  by  an  examination  of  the  double 
system  of  the  trusses. 

THE  GUIDES. 

The  guides,  which  will  be  required  to  overcome'  the  teetering 
tendency  which  is  always  present,  and  to  overcome  also  the  tendency 
of  rotation  due  to  the  unbalanced  ■v\-ind  forces,  are  placed  at  the 
centre  of  the  trusses  at  the  sides  and  the  upstream  end.  The  central 
guide-,  which  have  mainly  to  overcome  the  teetering,  are  placed  on 
the  line  of  the  top  and  the  bottom  chords  and  connect  with  the 
towers.  The  guide  adjacent  to  the  side  tower  is  made  of  such  a 
form  as  to  witlistand  a  side  pressure  of  the  wind,  from  which  ever 
v>ay  it  nuiy  be  blowing,  in  this  way  relieving  the  centre  tower  of 
this  kind  of  load  and  giving  it  all  to  the  side  one.  It  will  be  seen 
by  the  masonry  drawings  that  the  side  tower  is  of  much  greater 
width  than  the  centre  one,  which  is  only  12  feet  in  this  direction. 
Those  guides  which  will  probably  be  the  more  efficient  in  overcom- 
ing the  rotating  tendency  of  the  wind  are  placed  at  the  upstream  ends 
of  the  trusses  and  work  against  steel  beams  embedded  in  the  con- 
crete work. 

These  guides  have,  in  former  locks,  also  to  overcome  the  un- 
bahiiuiMl  end  pressure  of  the  water  when  the  adjacent  gates  are 
opened  ready  for  the  chamber  to  receive  the  vessel.  This  end  pres- 
sure has  been  so  small,  compared  to  what  is  found  in  the  Canadian 
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lock,  that  no  extra  precautions  were  necessary  to  care  for  it.  The 
unbalanced  pressure,  however,  in  the  Canadian  lock  is  so  great  that 
it  has  been  considered  advisable  to  provide  a  separate  means  for  over- 
coming this  end  thrust.  The  unbalanced  pressure  produced  in  this 
v.ay  is  180,000  lbs.  and  is  taken  care  of  by  a  special  "end  thrust 
arrangement "  which  engages  directly  with  the  concrete  work.  It 
consists  of  a  steel  casting  secured  to  the  trusses  of  the  chamber  at 
about  the  level  of  the  floor  line,  and  these  castings  engage  with 
others  which  are  firmly  anchored  to  heavy  steel  beams  imbedded  in 
the  concrete  work. 

THE  GATES. 

The  gates  and  operating  machinery  are  of  a  very  different  type 
from  anything  that  has  hitherto  been  employed  for  this  purpose. 
The  design  of  the  gates  is  thought  to  be  entirely  new.  In  the  Euro- 
pean locks  it  has  been  the  custom  to  hang  and  raise  them  vertically, 
Avhich  has  proved  to  be  quite  a  satisfactory  method  where  the  head- 
room required  has  not  been  much  more  than  8  feet  above  the  sur- 
face of  the  water.  However,  as  it  is  necessary  that  25  feet  clear 
headway  be  preserved  in  our  case,  and  as  our  gates  are  of  necessitv 
about  twice  the  length  of  the  European  ones,  it  did  not  seem  a  desir- 
able thing  to  operate  them  in  the  old  manner.  The  method  which 
has  been  adopted  and  on  which  the  gates  are  now  being  constructed, 
is  clearly  seen  in  the  diagram  on  plan  3,  and  further  in  the  sketch 
on  page  143, 

It  will  be  seen  by  inspection  of  one  of  the  gates  closing  the  end 
of  the  reach,  that  it  is  hinged  along  the  length  of  its  lower  edge 
and  arranged  so  that  it  will  fall  flat  above  the  bottom  of  the  gate 
recesses.  As  it  is  never  necessary  that  one  of  these  gates  be  opened 
without  the  other,  they  are  arranged  to  operate  in  pairs.  The 
reach  gate  is  controlled  directly  by  a  small  three-cylinder  hydraulic 
engine  and  the  chamber  gate  is  automatically  connected  with  it. 
The  gates  themselves  are  of  steel  throughout,  the  frame  work  con- 
sisting of  a  series  of  vertical  posts  made  of  I-beams,  which  counect 
to  the  top  girder,  giving  a  perfectly  determinate  system  of  strossea 
throughout,  and  bringing  definite  abutment  loads  where  they  can 
be  readily  taken  care  of.  The  plating  is  all  on  the  outer  (that  is, 
away  from  the  reach)  side  of  the  gate,  is  5-16  inches  thick  on  the 
upper  parts,  3-8  inches  thick  below,  is  butt-spliced  and  caulked  in 
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the  same  manner  as  the  plating  of  the  chambers.  In  order  to  render 
the  gates  less  cumbersome  in  handling,  or  rather  to  make  it  prac- 
ticable to  handle  them,  the  space  between  the  vertical  beams  will  be 
taken  up  by  light,  water-tight,  galvanized-iron  boilers  of  the  type 
commercially  known  as  range  or  hot-water  boilers,  and  the  buoy- 
ancy which  will  be  gained  by  the  use  of  these  boilers  will  make  the 
gate  so  that  it  can  be  readily  maintained  in  any  desired  position. 
It  was  originally  intended  that  this  buoyancy  should  be  obtained, 
as  will  be  seen  by  an  examination  of  the  contract  drawings,  by  plat- 
ing the  gates  on  both  sides  and  having  them  caulked.  But  a  further 
study  of  the  subject  seemed  to  show  that  this  was  an  undesirable 
method,  as  the  possible  racking  of  the  gates  in  operation  might  cause 
the  caulking  to  become  loose,  and  thus  destroy  the  buoyancy  in  such 
a  way  that  it  could  not  easily  be  repaired;  and  further  the  extra 
amount  of  plating  required  to  obtain  the  buoyancy  added  materially 
to  the  weight  of  the  gates.  A  new  method  was  therefore  sought  for, 
and  the  ranger  boiler  idea  seemed  to  possess  so  many  merits  that  it 
was  readily  agreed  to  by  the  contractors.  These  boilers  are  light 
in  construction,  thoroughly  galvanized  within  and  without,  and 
tested  under  any  required  reasonable  pressure;  and  they  are  cheap. 
Damage  to  one  or  more  of  themi  would  not  materially  effect  the 
operation  of  the  gate,  and  a  broken  one  may  be  readily  replaced  at  a 
convenient  time.  The  galvanizing  will  of  course  prevent  any  cor- 
rosion of  the  iron  by  the  water. 

Water-tightness  is  ensured  within  the  gates  and  chambers,  or 
reaches,  by  means  of  a  rubber  strip,  about  3"  x  ^",  fastened  along 
the  sides  and  bottom  of  the  frame  against  which  the  gate  'closes. 
The  pressure  of  the  water  itself  keeps  the  strip  tightly  pressed 
against  the  gate,  in  this  way  preventing  any  leakage.  The  edge 
against  which  the  rubber  bears  is  machined  to  a  true  surface. 

The  hydraulic  engine  operating  tlie  gates  is  situated  in  sucli  a 
way  that  its  main  shaft  is  on  a  line  with  the  axis  of  the  gate,  and  a 
sprocket  pinion  is  attached  to  it  next  to  the  side  of  the  recesses.  A 
second  sprocket,  which  is  connected  to  tlie  former  one  by  a  chain,  is 
attached  near  the  top  of  the  gate  rigidly  to  tke  same  shaft  as  a 
pinion  which  engages  with  a  segmental  rack  fixed  to  the  side  of  the 
masonr)'.  The  rotation  of  the  engine  shaft  causes  the  gate  to  be 
raised  or  lowered.  The  sJiaft  extends  across  the  top  of  the  gate,  and 
at  its  farther  end  has  a  similar  pinion  engaging  in  a  corresponding 
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rack,  in  this  way  bringing   both    ends    of    the    gate  np  without  a 
twisting  motion. 

While  speaking  of  the  gates  it  would  perhaps  be  well  to  describe 
the  method  whereby  a  water-tight  joint  is  made  between  the  end  of 
Ihe  chamber  and  the  corresponding  end  of  the  reach.  The  end  of 
the  chamber  clears  the  end  of  the  reach  by  a  space  of  about  If 
inches,  and  it  will  be  seen  that  this  space  has  in  some  manner  to  be 
closed  before  the  water  in  the  canal  can  connect  with  that  in  the 
chamber,  or,  in  other  words,  before  the  gates  can  be  opened.  The 
joint  is  made  by  the  inflation  with  compressed  air  of  a  rubber  tube, 
which  is  fastened  to  the  face  of  the  reach  along  the  bottom  and  up 
the  sides  of  it.  This  hose  is  made  fiat  in  form  and  lies  against  the 
frame  of  the  gate.  "Wlien  inflated  with  air,  at  a  pressure  of  about 
27  pounds  per  square  inch,  it  will  form  by  its  tendency  to  become 
circular,  a  joint  which  will  be  perfectly  water-tight  under  a  head  of 
12  or  14  feet,  wliich  is  the  maximum  depth  of  the  water  at  this 
place.  In  practice  it  is  intended  to  inflate  this  hose  only  as  much 
as  may  be  necessary  to  make  the  joint  tight,  because  the  intended 
amount  of  pressure  increases  materially  the  "end  thrust ''  which  is 
referred  to  when  speaking  of  the  guides.  At  one  of  the  Euro- 
pean lifts  this  joint  has  been  made  b.y  building  the  end  of  the  lock 
chamber  on  a  taper  and  having  a  movable  wedge,  faced  on  both  sides 
with  rubber,  so  adjusted  against  the  end  of  the  reach  that  when  the 
chamber  comes  to  the  top  of  its  stroke,  the  two  inclined  faces  would 
b.'nd  against  one  another  and  in  this  way  form  a  water-tight  joint. 
This  method,  while  it  has  its  advantages,  seems  also  to  have  its  dis- 
advantages, and  these  were  considered  so  great  that  the  hose  idea 
v:as  adopted. 

# 

THE   LARGE   PRESSES. 

The  presses,  which  are  really  the  most  important  part  of  the 
whole  mechanism,  differ  very  materially  from  anything  that  has 
hitherto  been  constructed.  The  pressure  by  the  gauge  during  oper- 
ations will  be  600  pounds.  The  rams  have  a  finished,  external 
diameter  of  90  inches,  and  the  inside  diameter  of  the  presses  is  7 
feet  SI  inches,  giving  a  clear  space  of  1^  inches  all  round  the  ram. 
Tlie  rams  themselves  are  built  of  cast  iron  3 J  inches  in  thickness, 
made  up  in  sections.  Each  section  is  5  feet  3  inches  long  and  is 
bolted  to  the  adjacent  ones  by  1^  bolts  through  inside  flanges.     The 
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joints  between  the  sections  are  made  perfectly  tight  by  means  of  a 
gasket  of  thin  soft  copper,  rolled  true  to  gauge,  of  cross  section 
dimensions  of  f  inch  by  1-16  of  an  inch.  This  gasket  is  brazed  in 
the  form  of  a  ring.  The  end  sections  of  the  ram  castings  are  rab- 
beted to  fit  into  one  another  and  have  male  and  female  corrugations. 
The  copper  is  put  in  flat  and  when  the  joint  is  screwed  down  tightly 
becomes  corrugated,  making  the  joint  perfectly  tight. 

It  is,  however,  in  the  presses  themselves  that  the  important 
changes  have  been  made.  In  the  presses  at  Anderton,  cast  iron  sec- 
tions were  used  throughout.  Failure  in  these  caused  Mr.  Clark 
to  change  his  plans.  In  order  to  obtain  a  more  satisfactory'  type  of 
press,  cast  iron  at  such  high  pressure  being  unreliable  in  tension, 
many  experiments  were  tried,  and  the  presses  at  La  Louviere  and  Los- 
Fontinettes  were  built  on  two  different  plans.  The  Les  Fontinettes 
])resses  consist  of  steel  hoops,  rabbeted  and  piled  on  top  of  one 
another  to  make  up  the  required  height,  water-tightness  being  gained 
by  an  interior  lining-  of  copper  brazed,  in  much  the  same  manner  as 
the  inner  tube  of  a  bicycle  tire  gives  air-tightness  to  the  tire;  tlie 
copper  is  water-tight  and  the  steel  hoops  take  all  the  tension.  At 
La  Louviere  a  different  method  was  tried.  The  sections  of  the 
presses  were  of  cast  iron  to  get  the  water-tightness,  and  the  strenglft 
was  given  to  these  sections  by  means  of  steel  hoops  rolled  in  the 
ordinary  tire  mills,  rabbeted  so  as  to  fit  together,  heated  and  shrunk 
on  to  the  sections.  On  either  end  of  the  cast  iron  sections  a  small 
lip  or  projection  was  left  while  turning  them-,  to  serve  as  a  protec- 
tion against  the  hoops  being  dragged  off,  but  these  lips  were  not  so 
large  as  to  prevent  the  heated  hoops  from  being  passed  over  them. 
The  end  hoops  of  the  sections  were  flanged  and  served  as  a  means 
of  bolting  the  adjacent  sections  together.  This  has  proved  to  be  a 
very  satisfactory  type  of  press,  but  it  requires  not  very  much  con- 
sideration to  see  that  it  is  also  a  very  expensive  one.  The  cast  iron 
sections  must  be  turned  with  the  utmost  accuracy;  the  greatest  care 
must  also  be  used  to  have  the  hoops  bored  out,  and  an  immense 
amount  of  machining  is  required  on  each  of  the  hoops.  The  heating 
of  the  hoops  is  also  a  serious  matter,  and  after  the  press  is  finished, 
while  there  may  be  no  doubt  whatever  of  its  suitability,  still  the 
actual  stresses  are  very  uncertain.  They  endeavoured  to  set  up  suffi- 
cient compression  in  the  cast  iron  when  in  the  normal  condition  to 
exactly  balance  the  tension  produced  by  the  load  when  working,  and 
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in  this  way  leave  the  cast  iron  in  a  neutral  state  of  stress.  This 
style  was  shown  on  the  plans  for  the  letting  of  the  superstructure, 
and  was  tendered  on  by  the  European  firm  which  built  the  La 
Louviere  lift,  who  asked  to  have  them  made  the  same  diameter  as 
those  at  La  Louviere  (namely,  2  meters)  instead  of  7  feet  6  inches 
diameter  as  our  specification  reciuired.  The  present  contractors, 
however,  in  their  tender,  submitted  also  an  alternative  tender  for 
presses  made  of  steel  castings,  at  the  same  time  making  such  a  sub- 
stantial decrease  in  their  alternative  figure  that  the  Government 
felt  compelled  to  enquire  very  carefully  into  their  proposal,  with  the 
result  that  their  tender  for  the  presses  of  steel  castings  were 
accepted.  Mr.  Clark,  in  his  experiments  of  presses,  had  tried  steel 
castings,  but  in  one  of  the  large  sections  he  produced  failure  at 
about  40  per  cent,  of  its  calculated  ultimate  strength,  owing,  as 
examination  showed,  to  the  fact  that  a  large  piece  of  scale  had  be- 
come loosened  from  the  mould  and  had  embedded  itself  in  the  wall 
of  the  casting.  This  was  really  all  the  information  along  this  line 
tliat  the  Government  had  when  entering  upon  their  investigation  as 
to  the  feasibility  of  using  steel  castings  for  this  purpose,  with,  of 
course,  the  knowledge  that  immense  strides  have  been  made  in  the 
manufacture  of  steel  castings  since  the  tests  at  La  Louviere  were 
made  ten  years  before.  A  careful  study  of  the  products  of  some  of 
the  large  steel  casting  manufacturers  of  the  United  States,  and  of 
their  test  specimens,  coupled  with  the  assurance  that  they  were  able 
to  make  a  satisfactory  press  in  this  manner,  led  to  the  adoption  of 
steel  castings,  which  are  now  in  shape  to  be  placed  in  the  work. 
The  internal  diameter,  as  has  been  stated,  is  7  feet  8^  inches,  the 
thickness  of  the  metal  3^  inches,  the  length  of  the  sections  5  feet 
3  inches,  with  flanges  on  either  end  for  connection  p\irposes.  The 
thickness,  3^  inches,  was  chosen  chiefly  as  a  matter  of  considera- 
tion in  casting  rather  than  on  account  of  the  stresses.  The  maxi- 
mum pressure  in  the  presses  will  probabl}^  give  a  tensile  stress  in  the 
walls  of  about  8,500  lbs.  per  square  inch.  The  Government  required 
tliat  every  casting  in  the  presses  should  undergo  a  pressure  test  by 
water.  The  maximum  pressure  to  be  applied  was  decided  upon  as 
2,000  lbs.  per  square  inch,  which  strains  the  metal  of  the  casting 
almost  up  to  the  elastic  limit;  and  this  pressure  may  be  applied  and 
relieved  as  many  times  as  the  engineer  may  direct.  It  is  considered 
that  this  will  insure,  beyond  a  doubt,  that  every  casting  is  perfect 
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and  that  no  flaws  or  large  faults  exist  in  them-.  The  iests  already 
made  on  these  castings  have  been  eminently  satisfactory,  and  have  far 
exceeded  the  most  sanguine  expectations.  Xot  only  have  the  steel 
castings  taken  the  load  perfectly,  but  there  has  not  been  the  slightest 
oozing,  Avhile  some  of  the  auxiliary  ordinary  iron  castings  used  in 
the  test  have  allowed  the  water  to  pour  through  them  like  sponges. 

The  tops  of  the  presses  are  finished  with  a  stuffing  box  of  re'?- 
tangular  form,  1  inch  wide  and  about  10  inches  in  depth,  and  will 
be  filled  with  braided  hemp,  which  before  using  is  about  an  inch 
square  in  section.  It  is  intended  to  use  about  nine  rings  of  this 
hemp  in  the  stuffing  box.  The  hemp  is  tightened  down  by  means  of 
a  steel  gland  or  follower  held  by  stud-bolts  tapped  into  the  top 
section.  The  gaskets  forming  a  water-tight  joint  between  the 
adjacent  sections  of  the  press,  are  of  copper,  the  same  as  those 
described  for  the  rams.  In  the  tests  already  performed  there  has 
been  no  difficulty  experienced  in  keeping  this  hemp  packing  quite 
tight  under  pressure  of  1,200  lbs.  per  square  inch. 

Another  important  deviation  from  former  examples  is  the  man- 
ner in  which  the  water  is  admitted  to,  or  discharged  from,  the 
presses.  It  is  necessary  that  a  volume  of  water  equal  to  the  volume 
of  one  of  the  rams  be  forced  from  one  press  into  the  other  during 
the  process  of  lockage.  ■  The  chief  difficulty  with  the  Anderton  press 
was  encountered  at  the  point  where  the  connecting  pipe  joined  the 
presses.  To  overcome  this,  a  rather  complicated  inlet  system  was 
devised  and  patented  by  the  Societe  Cockerill  of  Seraing,  which  has 
proved  very  satisfactory  on  the  La  Louviere  lock.  The  contractors 
of  the  Canadian  lock  suggested  an  entirely  different  form  of  inlet, 
which  consisted  practically  in  the  enlargement  of  presses  at  the  level 
of  the  connecting  pipe  by  a  swell,  which  would  permit  the  water  to 
discharge  freely  away  from  the  ram.  Before  approving  of  this  the 
engineers  studied  the  matter  very  carefully,  and  after  a  most  liberal 
application  of  hydraulic  formulae,  and  the  most  variable  results  from 
very  slight  changes  in  assumptions,  it  was  decided  to  perform  some 
experiments  to  determine  if  possible  what  would  be  the  best  arrange- 
ment of  curves  for  this  inlet.  A  model  was  made  of  wood  one-fiftR 
full  size,  and  the  curves  suggested  by  the  contractors  were  accur- 
ately and  carefully  formed  in  the  model  and  shellacked.  Water  from 
a  height  of  about  30  feet  was  discharged  through  this  model,  which 
represented  as  closely  as  practicable  the  actual  conditions  which  will 
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exist,  and  the  curves  were  correctly  and  carefully  increased,  numbers 
of  experiments  being  performed  with  each  set  of  curves.  It  was 
found  that  after  certain  enlargements  had  been  made,  that  the  dis- 
charge from  the  model  was  no  longer  effected,  and  it  was  assumed 
from  this  that  these  curves  would  give  probably  the  best  results 
and  least  friction.  These  lines  were  agreed  to  by  the  contractors. 
The  pipe  connecting  the  two  presses  is  12  inches  internal  di- 
ameter, made  of  steel  castings  one  inch  in  thickness,  the  various 
lengths  being  fastened  together  with  bolted  flanges.  Midway  between 
the  presses  and  immediately  under  the  centre  of  the  central  tower  is 
located  the  main  valve,  which  closes  the  connection  between  the 
presses.  This  valve  is  controlled  solely  by  the  lock  master  in  his 
cabin  on'  the  top  of  the  central  tower.  Beside  the  main  gate  valve 
there  are  two  auxiliary  valves  which  are  closed  or  opened  automatic- 
ally by  the  lock  itself  during  its  motion.  These  valves  serve  as  a 
protection  against  possible  accident,  and  each  valve  is  closed  by  the 
chamber  by  the  time  it  reaches  the  end  of  its  stroke,  the  closing 
being  started  about  the  last  eighth  or  8  feet  of  the  stroke. 

THE   AUXILIARY    PLANT. 

As  has  been  stated,  the  hydraulic  lock  is  theoretically  automatic, 
but  it  will^  be  seen  that  slight  leakages  about  the  gland  of  the  main 
presses  cannot  be  avoided.  For  this  reason  it  is  necessary  that  some 
supply  of  water  under  pressure  be  maintained  and  always  ready  when 
required.     This  supply  is  provided  from  an  accumulator. 

THE    ACCUMULATOR. 

The  accumulator  consists  of  a  cylinder  in  which  a  ram  works, 
the  ram  carrying  a  weight  which  may  be  increased  or  diminished 
according  as  it  may  be  desired  to  change  the  pressure  in  the  water 
contained  in  the  presses.  In  the  accumulator  in  question  it  is  in- 
tended that  the  ram  will  be  loaded  to  give  a  pressure  of  about  15  lbs. 
more  than  that  at  which  the  large  presses  will  work,  so  that  in  event 
of  additional  water  being  renuircd  in  either  of  the  large  presses,  at 
any  time  it  can  be  readily  admitted  from  the  accumulator.  The 
accumulator  receives  its  supply  of  water  from  a  pressure  pump 
located  in  the  pump-room,  the  pump  being  driven  by  a  small  water- 
wheel  working  under  the  head  of  the  upper  reach.  The  accumulator 
is  built  after  the  same  manner  as  the  large  presses,  having  a  press 
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or  outside  cylinder  of  steel  castings.  In  the  type  of  accumulator 
invented  by  Lord  Armstrong,  the  ballast-box,  whereby  the  weight  is 
applied  to  the  top  of  the  ram,  is  in  the  form  of  a  ring  encircling 
the  press.  But  this  appears  to  be  undesirable,  because  when  the  ram 
is  at  the  top  of  its  stroke  there  is  practically  a  pivot  joint  in  the 
middle  of  the  column,  the  height  of  which  is  twice  the  length  of  the 
ram.  This  accumulator  is  now  built  with  the  ballast-box  directly 
on  the  top  of  the  ram,  and  the  top  of  the  press  is  stayed  to  the  walls 
of  the  concrete,  where  it  is  installed.  It  is  expected  that  a  much 
steadier  motion  will  be  obtained  in  the  machine  by  this  method. 
The  accumulator  is  installed  in  a  void  in  the  eastern  side  tower,  and 
a  cylindrical  well  has  been  carried  down  to  about  the  level  of  the  top 
of  the  large  presses  in  order  to  contain  the  press.  The  stroke  of  the 
ram  will  bo  accommodated  in  the  height  of  the  tower.  The  diameter 
of  the  ram  is  20  inches  and  its  stroke  is  30  feet  G  inches.  This  will 
give,  without  further  supply  from  the  pumps,  a  sufficient  quantity  of 
water  to  raise  one  of  the  largo  rams  one  foot  high. 

As  it  was  necessary  that  the  accumulator  and  pump  should  be 
installed,  it  was  thought  desirable  that  the  gates  and  the  capstans 
for  towing  vessels  in  and  out  of  the  chambers  might  also  be  operated 
to  advantage  from  this  power,  so  it  was  decided  to  use  Brotherhood 
three-cylinder  hvdraulic  engines  to  operate  the  gates,  one  for  each 
pair  of  gates  upstream  and  another  for  each  pair  of  gates  down- 
stream, the  gearing  being  so  arranged  that  only  one  pair  of  gates 
can  be  worked  at  a  time.  The  hydraulic  capstans  are  practically  of 
the  same  form  as  these  engines  and  are  operated  by  the  same  power. 
The  engines  and  the  capstans  are  being  constructed  by  the  Hydraulic 
Engineering  Co.  of  Chester,  England. 

THE   PUMPS. 

The  accumulator  receives  its  supply  of  water  from  two  high 
pressure  hydraulic  pumps  located  in  the  pump-room.  Each  of  the 
pumps  has  a  capacity  sufficient  to  operate  the  accumulator,  the  two 
being  provided  in  order  to  form  a  duplicate  plant.  The  pumps  are 
built  in  the  most  substantial  manner,  having  bronze  pistons  and 
piston  rods,  and  bronze-lined  cylinders.  They  are  directly  connected 
to  the  turbines  by  which  they  are  driven,  and  are  so  arranged  that  in 
case  of  accident  both  can  bo  connected  to  pump  up  the  lock-chambers 
singly  so  as  not  to  completely  stop  the  traffic  on  the  canal. 
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A  pump  having  a  capacity  of  about  20  cubic  feet  per  minute  is 
provided  for  the  continual  unwatering  of  the  lock-chamber  pits  and 
is  placed  in  the  lower  gateway  engine  chamber  discharging  into  the 
lower  reach.  It  will  doubtless  be  impossible  to  keep  the  lock- 
chamber  pits  perfectly  dry,  owing  to  the  height  of  the  water  back  of 
the  walls.  This,  together  with  h.  certain  amount  of  leakage  from  the 
presses  and  other  machines,  as  well  as  from  the  gates,  will  accumulate 
in  the  lower  portions  of  the  pits  around  the  main  presses.  \\Tien 
this  water  reaches  a  level  very  nearly  the  floor  of  the  pits  at  this 
place,  this  pump  will  be  automatically  started  and  work  until  the 
■water  is  taken  out  to  the  desired  level. 

THE  TURBINES. 

The  turbines  operating  the  pressure  pumps  are  located  in  the 
pump-room  and  derive  their  power  from  the  65-foot  head  of  the 
upper  reach.  This  water  is  taken  in  through  a  screen  or  rack  at  the 
side  of  the  reach,  and  down  a  vertical  penstock  leading  into  the 
pump-room,  the  wheels  discharging  into  the  two  draft  tubes  em- 
bedded in  the  concrete  wall  separating  the  pump-room  from  the 
culvert  into  which  they  empty.  The  culvert  conveys  the  water  to 
the  level  of  the  lower  reach,  where  it  will  be  utilized  to  make  up  for 
the  evaporation  and  percolation  on  this  short  stretch  of  the  canal. 
Each  of  the  turbines  is  16  inches  in  diameter  and  is  of  the  "Croker" 
type.  The  turbines  are  built  in  the  most  substantial  manner  and 
have  bronze  steps.  It  is  ordinarily  intended  that  one  of  the  turbines 
shall  be  utilized  to  operate  one  of  the  pumps,  while  the  other  will 
generate  electricity  for  lighting  the  lock  and  for  supplying  electrical 
power  for  any  other  object  which  may  be  deemed  advisable  within 
reasonable  distance  of  the  lock,  such  as  the  operating  of  the  swing 
bridges  and  the  guard  gates.  The  turbines  are  arranged  so  that  each 
•can  work  either  pump.  The  working  of  one  pump  is  all  that  will 
ordinarily  be  required;  if  necessarv.  however,  both  may  be  operated 
at  the  same  time. 

THE  DYN.VMO. 

The  type  of  dynamo  has  not  yet  been  decided  upon,  but  it  will 
"be  sufficient  to  provide  about  100  arc  lamps.  It  is  intended  to  install 
this  machine  in  the  central  chamber  of  the  pump-room,  belting  it 
•directly  to  the  turbine  nearest  to  it. 
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THE    TAYLOR    HYDRAULIC    AIR    COMPRESSOR. 

Eeference  has  already  been  made  to  the  air  tube  which  forms  a 
joint  between  the  ends  of  the  chambers  and  the  ends  of  the  reaches 
and  which  is  inflated  with  compressed  air,  when  it  is  required  to 
make  the  joint.  This  air  is  supplied  by  a  compressor,  built  under 
the  patents  of  the  Taylor  Hydraulic  Air  Compressing  Co.  of  Mon- 
treal, and  is  located  in  the  south-west  corner  of  the  main  well.  It 
receives  its  supply  of  water  from  the  upper  reach  and  the  air  is  com- 
pressed by  becoming  entangled  with  the  water  at  the  point  of  inlet,, 
dragged  down  by  the  water  to  a  depth  considerably  below  that  at 
which  the  water  escapes,  and  afterwards  collected  below  and  thence 
delivered  into  the  pump-room.  The  inlet  of  the  water  indicated 
on  the  masonry  plans  is  about  13  feet  above  the  outlet,  which  may 
be  seen  passing  over  the  top  of  the  main  wall,  and  into  this  the  inlet 
or  feed-pipe  delivers.  The  headpiece  is  a  device  separately  patented 
whereby  air  is  admitted  so  as  to  become  entangled  with  the  inflowing 
water. 

It  is  connected  through  its  base  by  an  18-inch  pipe  to  a  tank 
85  feet  below  it.  The  connection  at  the  lower  end  of  the  pipe  is 
made  on  the  side  of  the  tank  where  the  water  is  given  a  horizontal 
and  rotary  motion,  allowing  the  air  to  collect  in  the  conical  top  of  the 
tank.  A  4-inch  pipe  is  attached  at  the  top  of  the  cone,  delivering  the 
air  at  the  required  destination.  The  lower  tank,  11  feet  in  diameter, 
is  open  at  the  bottom,  permitting  the  water  to  escape  after  the  air 
is  released.  The  water  then  rises  around  the  outside  of  the  tank 
and  up  the  42-inch  shaft  m  which  the  18-inch  down-pipe,  before 
referred  to,  is  placed,  and  escapes  at  the  outlet  above  the  level  of 
the  top  of  the  roadway.  The  pressure  of  the  air  is  that  due  to  the 
column  of  water  from  the  water-line  in  the  lower  tank  to  the  level 
at  which  the  water  escapes  in  the  outlet  at  the  roadway  level.  The 
lower  chamber  also  forms  a  reservoir  for,  as  well  as  a  collector,  of  the 
compressed  air;  the  compressor  is  automatic  in  its  action  and  runs 
continuously,  a  safety  valve  being  provided  to  allow  the  air  to  escape 
when  too  much  accumulates  below. 

From  the  pump-room  the  compressed  air  is  led  in  pipes  to  the 
various  places  at  which  it  is  required  to  be  used. 


J 
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METAL   IN  THE   SUPERSTRUCTURE. 

A  summary  of  the  amounts  and  the  various  kinds  of  metal 
included  in  the  superstructure  is  as  follows: — Rolled  steel  in  plates 
and  shapes  for  the  lock-chambers  and  gates,  1.680,000  lbs.;  cast  iron 
in  the  main  rams,  accumulator,  guides  and  various  machines,  495,000 
lbs. ;  steel  castings  for  the  main  presses  and  accumulator,  668,000  lbs. 

OPERATION. 

The  operation  of  the  lock  will  require  three  men — a  lock-master 
and  two  assistants  or  gatemen.  The  duties  of  the  lock-master  will 
be  to  oversee  everything,  and  he  will  be  fully  responsible  for  the 
structure.  The  gatemen  will  be  required,  one  at  the  lower  end  and 
the  other  at  the  upper,  to  open  and  close  the  gates,  make  good  the 
joints  between  the  ends  of  the  chambers  and  the  reaches  and  to 
operate  the  capstans.  It  will  also  be  necessary  for  the  gatemen  to 
take  charge  of  vessels  at  a  distance  of  about  two  hundred  feet  above 
or  below  the  lock,  at  which  point  the  vessels  will  pass  into  the  sole 
charge  of  the  hydraulic  lock  men. 

The  lock-master,  during  operations,  will  be  required  to  stay  in 
his  cabin,  located  on  the  top  of  the  central  tower,  where  he  will  be  in 
full  view  of  all  the  operations  and  in  full  communication  with  both 
of  his  assistants  by  a  simple  signal  system.  The  lock-master  will 
have  all  the  levers  before  him,  and  will  control  all  the  workings  of 
the  lock.  The  levers  for  controlling  the  gates,  water-tight  joints, 
capstans  and  all  parts,  of  the  apparatus  will  be  interlocked  so 
that  none  of  them  can  be  moved  out  of  proper  order,  thus  guarding 
against  possible  accident  and  giving  the  lock-master  complete  and 
sure  control  of  the  whole  apparatus.  In  order  to  get  a  clear  idea  of 
the  complete  mode  of  operation,  let  us  assume  that  both  lock- 
chambers  are  down  at  the  lower  level,  and  empty,  as  they  will  be  at 
the  end  of  the  winter,  or  even  when  it  is  desired  to  prepare  them  for 
navigation  purposes.  Each  of  the  presses  will  be  filled  with  water 
bv  the  pumps.  The  main  valve  on  the  connecting  pipe  will  be 
closed  and  water  will  be  pumped  into  one  of  the  presses  until  the  ram 
with  its  superimposed  chamber  rises  to  the  level  of  the  upper 
reach.  An  examination  of  the  case  will  show  that  it  is  necessary 
that  the  uppermost  chamber,  in  order  that  it  shall  be  able  in 
descending  to  cause  the  other  to  take  the  full  upward  stroke,  must 
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contain  a  volume  of  water  greater  than  the  rising  chamber  contains. 
This  extra  amount  of  water  is  equal  to  the  volume  of  one  of  the 
main  rams,  since  the  change  that  takes  place  during  the  relative 
motion  of  the  two  chambers,  is  that  the  ram  of  the  descending 
chamber  becomes  constantly  immersed  while  the  other  protrudes. 
In  popular  language,  the  descending  chamber  is  losing  weight  while 
the  ascending  one  is  constantly  becoming  heavier.  It  is  also  neces- 
sary that  some  extra  weight  or  "  surcharge,"  as  it  is  called,  be  pro- 
vided to  overcome  the  friction  of  the  guides  and  of  the  stuffing 
boxes  of  the  main  presses.  The  area  of  each  of  the  lock-chambers 
is  so  great  that  it  requires  only  an  adaitional  depth  of  8^  inches  to 
give  an  extra  load  of  water  of  100  tons,  which  will,  no  doubt,  be 
quite  sufficient.  The  addition  to  this  weight  will,  of  course,  have 
the  effect  of  accelerating  the  time  of  the  relative  change  in  posi- 
tion of  the  chambers.  It  is  intended  that  the  actual  time  required 
in  raising  the  chamber  through  the  whole  elevation,  will  be  about 
three  minutes.  But  this  will  depend  upon  the  adjustment  of  the 
main  gland,  the  nicet}^  of  the  working  of  the  guides  and  the  con- 
trolling of  the  main  valve  in  the  hands  of  the  lock-master.  In  the 
European  locks  this  part  of  the  lockage  is  readily  performed  in  three 
or  four  minutes.  Suppose  that  the  uppermost  chamber  will  be  re- 
quired to  stop,  say  with  its  floor  8:^  inches  lower  than  the  bottom  of 
the  upper  reach.  When  communication  is  established  between  it  and 
the  reach  it  will  have  a  load  of  100  tons  in  exce^  of  that  in  the 
lower  reach,  assuming  that  the  depth  of  water  in  the  two  reaches 
is  the  same.  Then  the  total  operations  to  perform  the  lockage,  assum- 
ing that  the  gates  adjoining  the  reaches  are  open  and  that  the  water- 
tight joint  between  the  chambers  and  the  reaches  is  made,  will  con- 
s.^st  in  hauling  the  vessel  into  the  chamber  and  mooring  her  there 
securely,  closing  the  gates,  deflating  the  water-tight  joint  and  open- 
ing the  main  valve  between  the  presses.  The  heavier  chamber  will 
commence  to  descend,  the  motion  being  allowed  to  increase  gradually 
by  the  gradual  opening  of  the  valve,  until  it  reaches  the  maximum 
speed.  At  about  three-quarters  of  the  stroke  the  main  valve  is 
slowly  closed,  communication  between  the  presses  being  entirely  cut 
off  when  the  end  of  the  journey  is  reached.  Theoretically  it  would 
appear  possible  to  have  an  ideal  surcharge  Avhich  would  perform  the 
required  stroke  without  the  operation  of  any  valve  whatever.  The 
change  in  elevation  being  made,  the  water-tight  joints  are  again  made 
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by  the  air  tubes  between  the  chambers  and  the  adjacent  reaches,  the 
gates  are  opened  and  the  vessel  or  vessels  are  free  to  go  on  their 
journey,  after  being  towed  out  by  the  capstans.  The  surcharge  con- 
tained in  the  descending  chamber  simply  flows  out  into  the  lower 
reach,  while  a  similar  quantity  to  perform  the  next  lockage  is 
admitted  into  the  chamber  which  has  just  reached  the  higher 
elevation. 

It  would  appear  that  the  hydraulic  lift  lock  possesses  many  advan- 
tages over  locks  of  the  ordinary  type.  First  of  all  it  bears  the  same 
relation  to  the  ordinary  lock  as  the  double  track  railway  does  to  the 
single,  for  one  vessel  may  be  locked  downwards  and  another  upwards 
at  the  same  time,  this  making  no  difference  whatever  to  the  lockage, 
as  the  admission  of  the  vessel  is  merely  a  question  of  displacement 
of  so  much  water.  Again,  the  saving  of  time  is  an  important  item, 
for  the  total  operation  is  readily  performed  within  a  space  of  twelve 
minutes,  while  witli  the  ordinary  locks  an  hour  or  more  would  be 
considered  fast  work.  The  third  advantage,  and  one  which  is  of 
great  importance  where  there  is  a  scarcity  of  water  in  the  upper 
reach,  is  the  small  quantity  of  water  required  to  make  the  lockage. 
In  the  ordinary  form  of  lock  the  amount  of  water  is  equal  in  volume 
to  the  area  of  the  lock  multiplied  by  the  height  through  which  the 
lift  is  made,  which  is  very  many  times  greater  than  the  quantit}' 
required  by  the  hydraulic  lift  lock;  indeed,  certain  conditions  of 
traffic  may  arise  which  make  it  possible  for  water  to  be  delivered 
from  the  lower  level  into  the  upper. 
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REPORT  OF  THE  TREASURER. 


Mr.  President, — I  beg  leave  to  submit  the  following  statement 
of  balances,  receipts  and  expenditures  for  the  period  between  April 
27th,  1901,  and  March  21st,  1902 : 

To  Balance  on  hand  April  27th,  1901 $  219  49 

To   amount   from   advertisement   and   sale     of 

pamphlet  No.  14 $  157  73 

"          "         collected  as  fees  of  ordinary  mem- 
bers        170  00 

"  "         received  from  Jjibrarian  040  95 

"  "        received  as  life-members'  fees....       16  00 

984  68 

Total  $  1.^04  17 


By    amount    paid    for    publishing    pamphlet 

No.   14 $  434  00 

postage 11  67 

"  "        '•'        photos    and    frames    for 

library 4  50 

"              "        "        printing   and  stationery.  11  25 

"              "        "        paper,  supplies,  etc 546  60 

ribbons,  flags,  etc 18  97 

"  "        "       representatives  to  Queen's 

and  McGill    38  35 

"              "        "        customs  and  exchange. .  .  2  94 

«  "        "        advertising  committee.  . .         3  85 

1,062  13 

By  Balance  in  Bank  of  Commerce 143  04 

$1,204  17 


168  treasurer's  report. 

It  might  be  well  to  bring  to  the  notice  of  the  members  the  fact 
that  very  few  of  the  graduates  pay  the  necessary  fee  to  entitle  them 
to  life  membership  and  our  annual  pamphlet. 

Also  that  the  cost  of  our  pamphlet  far  exceeds  the  sum  received 
from  our  advertisers.  If  our  life  members  would  assist  us  in  this 
matter  we  would  soon  be  in  a  position  to  make  our  publications  more 
valuable  than  they  now  are.    All  of  which  is  respectfully  submitted. 

Yours, 

E.  A.  James, 

Treasurer. 


AUDITORS'  REPORT. 


^Ye  hereby  certify  that  we  have  this  day  examined  the  accounts 
of  the  Treasurer,  and  vouchers  therefor,  and  find  a  balance  on  hand 
of  $142.04. 

There  is  an  outstanding  debt  of  $G0.49,  and  outstanding  account* 
due  the  Society  of  $28.00. 

E.  J.   DUNLOP, 

F.  D.  Henderson, 

Auditors. 
March  21st,  1902. 
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